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Preface 


The first chapter in Volume 75 is a survey of aromatic AMialoazoles written 
by the late Professor M. S. Pevzner (St. Petersburg State Institute of Technol¬ 
ogy). The A'-haloazoles are of special importance as halogenating agents and 
this chapter provides the first systematic treatment of their utility together 
with the fundamental chemistry of their preparation and reactivity. 

The general Dimroth arrangement refers to the translocation of het¬ 
eroatoms either within the rings of fused heterocyclic systems or between a 
ring heteroatom and a substituent. The present chapter presents the first 
modern general review of the Dimroth rearrangement and is authored by 
Professor E. S. H. El Ashry and Drs. Y. El Kilany, N. Rashed, and H. Assafir, 
all of Alexandria University, Egypt. 

The chemistry of the pyridazines has been covered by the Ljubljana 
(Slovenia) group in articles appearing in Advances in Heterocyclic Chem¬ 
istry at about 10-year intervals. The previous two reports appeared in Vol¬ 
umes 24 and 49 of our series in 1979 and 1990, respectively. Dr. Patrik 
Kolar and Professor Miha Tisler have now covered recent work on this in¬ 
teresting and important ring system. 

The last chapter of the present volume is the second of a trilogy on the 
chemistry of the 1,2,4-triazolopyrimidines. The first in this series, which ap¬ 
peared in Volume 73 of Advances, surveyed the chemistry of the 1,2,4- 
triazolo[4,3-a]pyrimidines.The present chapter is concerned with the 1,2,4- 
triazolo[4,3-c]pyrimidines and is once again authored by Professor M. A. E. 
Shaban and Dr. A. E. A. Morgaan of Alexandria University. The third part 
is scheduled to appear in a subsequent volume. 

Finally, Volume 75 is an “Index Volume.” It therefore contains cumulative 
title and author indexes for the whole series, Volumes 1-75 of Advances in 
Heterocyclic Chemistry, together with the subject index for Volumes 71-75, 
ably compiled by Dr. Peter Kennewell.The last subject index was in Volume 
70, which contained subject index entries for Volumes 61-70. 


Alan R. Katritzky 



This Page Intentionally Left Blank 



ADVANCES IN HETEROCYCLIC CHEMISTRY, VOL. 75 


Aromatic A-Haloazoles 

M. S. PEVZNER + 

St. Petersburg State Institute of Technology, St. Petersburg, Russia 


I. Introduction. 2 

II. Methods of Synthesizing V-Haloazoles. 2 

A. The Mechanism of V-Halogenation of Azoles. 2 

B. V-Halopyrroles and Their Benzoderivatives. 3 

C. V-Halopyrazoles. 4 

1. V-Chloropyrazoles. 4 

2. V-Bromopyrazoles. 4 

3. V-lodopyrazoles. 6 

D. V-Haloimidazoles and -Benzimidazoles. 7 

1. V-Haloimidazoles. 7 

2. V-Halobenzimidazoles. 7 

E. V-Halo-1,2,3-triazoles and-Benzotriazoles. 8 

1. V-Halo-1,2,3-triazoles. 8 

2. V-Halobenzotriazoles. 9 

F. V-Halo- 1.2.4-triazoles. 10 

1. V-Fluoro-1,2,4-triazoles. 10 

2. V-Chloro-1,2,4-triazoles. 10 

3. V-Bromo-1,2,4-triazoles. 12 

4. V-lodo-l,2,4-triazoles. 13 

G. /V-Halotetrazoles. 13 

III. Structure and Spectra of V-Haloazoles. 14 

A. Theoretic Studies. 14 

B. Molecular Spectra. 14 

1. Vibrational Spectra. 14 

2. Electronic Spectra. 16 

3. NMR Spectra. 17 

4. Mass Spectra. 17 

IV. Chemical Properties of V-Haloazoles. 18 

A. Stability. 18 

B. Chemical Transformations of V-Haloazoles. 21 

1. Behavior of V-Haloazoles in Water and in Acidic and Basic Media. 22 

2. Rearrangement of V-Haloazoles to C-Halo Derivatives. 23 

3. Reactions of V-Haloazoles with Reducing and Nucleophilic Reagents. . . 28 

4. Electrochemical Reduction of V-Chloro-1,2,4-triazoles. 30 

5. V-Haloazoles as Halogenating Agents. 31 

6. Addition of V-Haloazoles to a C=C Bond. 45 

7. V-Haloazoles as Oxidants. 48 

8. Reaction of V-Haloazoles with Sulfur-Containing Compounds. 65 

9. Reaction of V-Chlorobenzotriazoles with Organoelement Compounds . . 70 

10. Miscellaneous. 72 


Copyright © 2000 by Academic Press. 
All rights of reproduction in any form reserved. 


Deceased. 


























M. S. PEVZNER 


[Sec. II.A 


V. Applications. 72 

References. 73 


I. Introduction 

The chemistry of aromatic /V-haloazoles, as distinct from that of N- 
haloamines and /V-haloamides (70CRV639; 90HOU586), has not been re¬ 
viewed previously. Some aspects of the preparation of /V-haloazoles were 
considered in recent reviews on the halogenation of heterocycles 
[93AHC(57)291; 94AHC(59)245]. Although in many ways similar to N- 
haloamines and -amides (/V-halosuccinimides and -phthalimides), N- 
haloazoles have some characteristic chemical properties arising from 
the aromatic nature of the parent heterocycle. 

In some cases TV-haloazoles are intermediates in the electrophilic halo- 
genations at carbon atoms of the heteroring. 

This chapter deals with /V-haloazoles in which the halogen atom is bound 
to the aromatic azole ring, excluding cyclic /V-haloamines, /V-haloamides, 
and some other analogous nonaromatic systems. 


II. Methods of Synthesizing /V-Haloazoles 

A. The Mechanism of /V-Halogenation of Azoles 

A general method for preparing /V-haloazoles is the halogenation of the 
corresponding azoles in a neutral or anionic form with halogens or their de¬ 
rivatives containing a formally positively charged halogen atom. 

Detailed studies have not been carried out, but /V-halogenation may be 
regarded as an electrophilic substitution. Moreover, a variety of complex 
reaction pathways in which /V-haloazoles are intermediates for C-halo de¬ 
rivatives must also be considered. The intermediate /V-haloazoles are often 
difficult to isolate or even detect. The first stage of the reaction between the 
halogen and azole is the formation of a donor-acceptor n-cr complex where 
the halogen is coordinated at the unshared electron pair of the “pyridine” 
nitrogen (in a neutral molecule) or the “pyrrole” atom (in the azole anion). 
The formation of donor-acceptor complexes of iodine with imidazole was 
established experimentally (76ZOB2576; 77ZOR2013; 81MI1; 84MI1), 
and their structure was considered by quantum-chemical methods 
(79ZOB1624). Further transformations of these complexes may proceed in 
several directions: (a) cleavage back to the starting substances; (b) re¬ 
arrangement to a Wheland C-halogen intermediate (with subsequent de¬ 
protonation at the carbon atom leading to a C-haloazole); and/or (c) stabi¬ 
lization to an /V-haloazole by loss of an NH proton. 
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The stability of /V-haloazoles depends on the nature of the halogen, the het¬ 
eroring, and on the substituents on the azole carbon atoms (see Sect. IVA). 


B. TV-Halopyrroles and Their Benzoderivatives 

Usually halogenation of pyrroles and indoles yields C-halo derivatives, 
the products of oxydation, as well as polycyclic compounds [84CHEC(4) 
213]. Reaction of a solution of pyrrole in CC1 4 with aqueous sodium hypo¬ 
chlorite yields 7V-chloropyrrole 1 stable for 2 weeks at 0°C (82JOC1008). 

Analogously, pyrrole 2, containing four electron-donating groups 
on the ring, with aqueous sodium hypochlorite and hypobromite give the 
corresponding /V-chloro and /V-bromo compounds 3a,b (85CB4588, 
85JHC1631). A-Fluoropyr-roIe 4 is prepared by treatment of the N- 
chloropyrrole 3a with sodium fluoride in the presence of a catalytical 
amount of Sb 2 0 3 (85CB4588) (Scheme l).This reaction is unusual for N- 
haloazoles (see Section IV,B,3). 

Indole and its derivatives in organic solvents (hydrocarbons, CH 2 C1 2 , 
CHCI 3 , and CC1 4 ) and aqueous sodium hypochlorite yield 1-chloroindoles 
5, 1,3-dichloroindoles 6, and 3-H-3-chloroindole 7 [75JCS(CC)842; 78 
JOC2639; 81JOC2054] (Fig 1). 

iV-Chloroindole 5 (R=H) is formed by chlorination of indole with 
dichloroxide (65NEP409386). 

Chlorination of 5-substituted indoles 8 with sodium hypochlorite yields 
a mixture of 1-chloro- 9 and 1,3-dichloroindoles 10 [86H(24)1311], Chlo¬ 
rination of compounds with electron-accepting substituents 8d-f pro¬ 
ceeds more smoothly and gives higher yields of /V-chloroindoles 9d-f, 
lOd-f than in the case of compounds with electron-donating substituents 
8a-c (Scheme 2). 

The authors considered formation of compounds 9 and 10 to proceed by 
independent mechanisms. A-Chloro compounds 9 are formed by attack of 
hypochlorite anion on the neutral indole molecule (8) according to an S E ' 
mechanism, proceeding through formation of the cyclic intermediate 11 
(Scheme 3). 

Electron-accepting substituents increase the acidity of the starting com- 



(2) (3) a . x=Cl 

b. X = Br 

Scheme 1 
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(5) (6) (7) 

R=H, Me, Ph 

Fig. 1 

pound and, hence, favor the cleavage of the N-H bond in the intermediate. 
C-Chloroindoles 12 are formed as a result of the attack of the undissociated 
HOC1 molecule on position 3 of the indole according to an S E 2 mechanism. 
These monochlorides then convert to 1,3-dichloroindoles 10 through an in¬ 
termediate such as 11 , whose formation is favored by the presence of the 
electron-withdrawing chlorine atom in position 3 (Scheme 3). 

/V-Bromoindoles 14 were synthesized by bromination of 2-ethylsulfonyl- 
3-methyl- and -3-phenylindoles 13 with /V-bromosuccinimide (77CPB2350) 
(Scheme 4). 

Chlorination of carbazole with sodium hypochlorite in CH 2 C1 2 , CHC1 3 , 
or CC1 4 yields 9-chlorocarbazole 15 (87JOC173). 

C. TV-Halopyrazoles 


1. N-Chloropyrazoles 

yV-Chloropyrazoles 16 and 17 were obtained by chlorination of pyra- 
zoles substituted with electron-accepting groups [56LA(598)186; 80JOC76] 
(Scheme 5). 

2. N-Bromopyrazoles 

Bromination of pyrazole and methlpyrazoles yields unstable compounds 
having the /V-bromopyrazolium bromide structure 18 [55LA(593)179] 
(Scheme 6). 



H Cl ci 

(8) (9) (10) 

R = H (a); OMe (b); Me (c); Br (d), CN (e); N0 2 (f) 


Scheme 2 
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Scheme 5 


Cl 

(17) 
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l-Bromo-4-nitropyrazole 19 is obtained by bromination of 4-nitropyra- 
zole with sodium hypobromite in water-acetic acid [55LA(593)179]. 3,5- 
Dimethyl-4-tropylpyrazole is brominated with /V-bromosuccinimide to 
form a mixture of 7V-bromoderivative 20, 4-bromo-3,5-diethylpyrazole, and 
7-tropylsuccinimide (64BCJ1018) (Scheme 7). 


3. N-Iodopyrazoles 

Unsubstituted pyrazole is iodinated by iodine in nitric acid in the pres¬ 
ence of silver nitrate to form 1,3,4-triiodopyrazole 21 [55LA(593)200]. 
3,4-Dimethyl- and 3,4,5-trimethylpyrazoles react with iodine with or with¬ 
out organic solvents to give /V-iodopyrazolium iodides 22, which with 
bases yield the corresponding free /V-iodopyrazoles 23 [55LA(593)200] 
(Scheme 8). 

Treating 4-iodopyrazoles with chlorine or bromine causes the substitu¬ 
tion of iodine by the halogen through the formation of intermediate N- 
iodopyrazolium halides 24, which under the action of bases are converted 
to TV-iodopyrazoles 25 [56LA(598)186] (Scheme 9). 

Synthesis of 1-iodo-3,4,5-trisubstituted pyrazoles 25 (R=Me. X=C1, Br, 
I, Me) may be carried out by the reaction of the corresponding silver salts 
of pyrazole with iodine (70CB1949). 



Scheme 7 
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(21) (22) (23) 


R=H, Me 

SC'HLMK 8 

D. N-Haloimidazoles and -Benzimidazoles 

1. N-Haloimidazoles 

Imidazoles are easily halogenated at the ring carbon atoms to give 
mono-, di-, and trihaloderivatives [70AHC(12)103; 84CHEC(5)398; 
93AHC(57)291], possibly though the formation of A-haloderivatives. 
yV-Haloimidazoles were isolated and characterized in some cases. Thus, 
iodination of 2,4,5-trisubstituted imidazoles 26 yields considerably stable 
yV-iododerivatives 27 (10CB2243) (Scheme 10). 

Chlorination of 4-nitroimidazole in an alkaline medium gives unsta¬ 
ble l-chloro-4-nitroimidazole 28, which decomposes in 1-2 days at 0°C 
(97ZOR 1847). 

2. N-Halobenzimidazoles 

Chlorination of benzimidazole derivatives 29 having electron-accepting 
substituents in organic solvents or alkaline water yields the corresponding 
yV-chlorobenzimidazoles 30 [70ZN(B)934,70ZN(B)954] (Scheme 11). 

Benzimidazole and 2-methylbenzimidazole are iodinated in alkali to 
form A'-iodobenzimidazole 31 [63JCS2930; 81JCS(P1)403]. The same com- 
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N 

Cl 

(28) 


Rl,R2,R3=Me (a); Rl,R2,R3=I (b); Rl=Me, R2,R3=I ( c ) 

Scheme 10 

pound was obtained by treating l-(tri-«-butylstannyl)benzimidazole with 
iodine chloride [83JOM(255)295] (Scheme 12). 


E. A-Halo-1,2,3-triazoles and -Benzotriazoles 
1. N-Halo-1,2,3-triazoles 

Chlorination of unsubstituted 1,2,3-triazole and 4,5-dimethyl-l ,2,3- 
triazole with chlorine in organic solvents or treating the title compounds 
with an equimolar amount of sodium hypochlorite in acetic acid does not 
yield A-chlorotriazoles. Only hydrochlorides of the starting compounds 
and the products of ring cleavage were isolated [55LA(593)207], 4- 
Methyl-1,2,3-triazole reacts with chlorine in chloroform to give only 4- 
methyl-5-chlorotriazole, but treating it with excess sodium hypochlorite 
and subsequent neutralization with sodium carbonate allows unstable N, 5- 
dichloro-4-methyl-l,2,3-triazole 32a (R 1= Me, R 2 =C1) to be isolated in 
22% yield [55LA(593)207], 

Under analogous conditions 4,5-dimethyl-l,2,3-triazole yields unstable 
A-chloro-4,5-dimethyltriazole 32b (R 1 , R 2 =Me). lV-Chloro-4,5-diphenyl- 
1,2,3-triazole 32c (R 1 , R 2 =Ph), obtained by the chlorination of 4,5- 



(29) (30) (31) 

Rl=CF 3 ;R2,R3,R4 jR 5=H(a);R 1=CF3, R2, R3, R4, R5-C1 (b); R = H, Me 

R'=CF 3 ; R2, R3, R4=C1, R 5=H (c); R 1, R2, R3 7 R4 7 R5= C 1 (d) 


Scheme 11 
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C 'fy ICl, MeCN 

C > -*■ 31 (R=H) 

N 

SnBu3 

Scheme 12 

diphenyl-1,2,3-triazole with sodium hypoclorite in water-acetic acid, is 
more stable [79JCS(CC)419] (Fig. 2). 

Unsubstituted 1,2,3-triazole reacts with excess sodium hypobromite to 
give yV,4,5-tribromotriazole 33a (R 1 , R 2 =Br), which is more stable than its 
yV-chloro analog. Under the same conditions 4-methyl and 4,5-dimethyl- 
1,2,3-triazoles yield A-bromo derivatives 33b,c [55LA(593)207]. 

In contrast to chlorination and bromination, iodination of 1,2,3-triazoles 
yields stable A'-iodotriazoles 34a-c. Iodination may be carried out by treat¬ 
ing the compound with iodine in an organic solvent, by sodium hypoiodite 
in an alkaline medium [55LA(593)207], or by iodine chloride in the pres¬ 
ence of sodium ethoxide (70ZC220). 

The position of the halogen in 32-34 was not established. Diphenyltri- 
azole 32c contains a peak (M-28)+ in its mass spectrum, which indicates a 
1-chloroderivative, but the signals of the phenyl groups in an 1 H NMR spec¬ 
trum of 32c are equivalent, perhaps due to rapid N [ -N 3 exchange of halide 
or to its bonding at N 2 [79JCS(CC)419]. 

2. N-Halobenzotriazoles 


All four A-halobenzotriazoles are known. 1-Fluorobenzotriazole 35 
was obtained by treating benzotriazole with excess cesium fluorosulfate 
(91T7447) (Scheme 13). 

1-Chlorobenzotriazoles 36a,b, 37 were obtained by treating the cor¬ 
responding benzotriazoles with sodium hypochlorite [68JCS(CC)1305; 
69JCS(CC)1474; 78JCS(P1)909; 81IJC(B)898]. 



Cl 

(32) 


R1=C1; K?=Me (a); 
Rl, R2=Me(b); 

Rl. R2=Ph(c) 


R2 Rl 



(33) 

Rl, R2=Br (a); 
Rl,R2=Me (b) 
r’=H, R 2 =Me(c) 



(34) 1 


Rl, R2=H (a); 
Rl=Me, R=I (b); 
Ri,R2=Me(c) 


Fig. 2 
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(35) (36) (37) 

R=H (a); R=C1 (b) 

Scheme 13 


1-Bromobenzotriazole 38 and 1-iodobenzotriazole 39 were obtained by 
treating benzotriazole with sodium hypobromite and hypoiodite or, prefer¬ 
ably, by halogen exchange from 1 -chlorobenzotriazole and bromine or io¬ 
dine [78JCS(P1)909] (Scheme 14). 

Iodobenzotriazole 39 was obtained also by the reaction of l-(tributyl- 
stannyl) benzotriazole with iodine chloride [83JOM(255)295]. 


F. A(-Halo-1,2,4-triazoles 

1. N-Fluoro-l,2,4-triazoles 

l-Fluoro-3,5-dibromo-l ,2,4-triazole is the only example of an N-fluoro- 
1,2,4-triazole. It was obtained by fluorination of 3,5-dibromo-l,2,4-triazole 
(68M1P1). 

2. N-Chloro-l,2,4-triazoles 

Unsubstituted 1,2,4-triazole and its derivatives with electron-donating 
substituents in the 3(5) position of the ring react with chlorine in alkali to 
give 1-chloro- and 1,3-dichlorotriazoles 40, 41 (67ZC184; 69ZC325). 1,3- 
Dichlorotriazole 41 was also obtained by chlorination of 3-chloro-l,2,4- tri¬ 
azole (69ZC325) (Scheme 15). 

Chlorination of 1,2,4-triazoles may be carried out in organic solvents (di¬ 
ethyl ether, carbon tetrachloride) in the presence of acceptors of hydrogen 



H X 


X=Br (38); X=I (39) 
Scheme 14 


CH 2 C1 2 
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H Cl Cl H 


(40) (41) 

R=H (a). Me (b). El (c) 
Scheme 15 


chloride (hydroxide, bicarbonate, or carbonate) (68MIP1; 69KGS1114; 
72JPR923). 

Other 3(5)-monosubstituted 1,2,4-triazoles are chlorinated at the N 1 or 
N 2 position depending on the nature of the substituents. In the presence 
of electron-donating substituents (R—Me, Et) a mixture of 1 -chloro-3-R- 42 
and 1-chloro- 5-R- 40 derivatives is obtained, the latter prevailing (80- 
85%) (72JPR923). Electron-accepting substituents in position 3 of the ring 
(R=Ph, Br, N0 2 , Cl) cause the exclusive formation of l-chloro-3-R- 
triazoles 42 (72JPR923; 90IZV2814) (Scheme 16). 

3,5-Disubstituted 1,2,4-triazoles with the same R l and R 2 substituents re¬ 
act with chlorine to form 1-chloroderivatives 43. When R 1 and R 2 are dif¬ 
ferent, the chlorine atom occupies the position close to an electron-donating 
substituent and far from an electron-accepting one (68MIP1; 69KGS1114; 
72JPR923; 90IZV2814). 

In addition to chlorine, the derivatives of sodium hypochlorite, hypochlo- 
ric acid, and tertbutyl hypochlorite are used as chlorinating agents 
(68MIP1). In the reaction of chlorine in aqueous alkali with a triazole, 
hypochloric acid is the chlorinating agent. The alkali provides neutraliza¬ 
tion of hydrogen chloride and drives the equilibrium formation of HOC1 re¬ 
sulting from the reaction of chlorine with water (72JPR923). 


N-/ 


N -/ 

h n 


R=Ph (a), Br (b), N0 2 (c), 
Me (d), Et (e) 


Rl 



Cl 

(43) 


Rl, R2=C1 (a); Rl,R2=Br (b), Rl, R2=CH 2 Ph (c); 
Rl, R2=Me (d); Rl, R 2 =Et (e); Rl, R2=Ph (f); 
Rl=Cl, R 2 =Br (g); Ri=Ph, R 2 =Me (h); 

Ri=Ph, R2=Et (i); R1=N0 2 , R2=C1 (j); 

R1=N0 2 , R2=Br (k); R 1=N0 2 , R2=Me (1) 


Scheme 16 
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irK. 


Rl=H, N0 2 , Br, Cl, F, C6H 5 CH2C 6 H4CH 2 
R2=H, Cl, Br, Me, COOMe 



Scheme 17 


3. N-Bromo-1,2,4-triazoles 

N-Bromo-1,2,4-triazoles 44 are prepared by treating a triazole with 
bromine in an alkaline medium (67CB2250; 68MIP1; 69KGS1114, 
69ZC300, 69ZC325; 70JOC2635) (Scheme 17). 

The position of the N-bromine is determined by the nature of the R 1 and 
R 2 substituents as with chlorination. Bromine enters the position close to 
an electron-donating and far from an electron-accepting substituent. 

N-Bromotriazoles 44 may be obtained also by treating an aqueous 
alkaline solution of triazole and potassium bromide with chlorine 
[67BP1123947; 68FP1536979,68GP(E) 60762], 

On bromination of 4-substituted 1,2,4-triazoles, l-bromo-4-substituted 
triazolium bromides 45 are formed as intermediates. Heating in wa¬ 
ter causes their rearrangement to 4-substituted 5-bromotriazoles 46 
(75BSF647) (Scheme 18). 

An analogous effect was observed for 1,3-disubstituted triazoles where 
the bromine atom is located at the N 4 heteroatom of intermediate 47 
(75BSF647) (Scheme 19). 

1,5-Disubstituted triazoles are brominated to give unstable intermedi¬ 
ates, said to have structure 48. Subsequent treatment leads to their decom- 



l J 

(45) (46) 


Rl=Me, Ph; R2=H, Me 
Scheme 18 
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I 

Rl 



(47) 

Rl, R2=Me, Ph 
Scheme 19 


position back to starting compounds and not to C-brominated products 
(75BSF647) (Scheme 20). 

4. N-Iodo-1,2,4-triazoles 

N-Iodo-1,2,4-triazoles cannot be obtained by treating the corresponding 
triazoles with iodine. 

A’-Iodocompounds 49 were synthesized by reacting 1,2,4-triazoles with 
iodine chloride or by treating an alkaline solution of triazole and potassium 
iodide with chlorine (68MIP1;69KGS1114) (Scheme 21). 

l-Iodo-3-nitro-5-methyl 1,2,4-triazole 50 was found among the products 
of the reaction of l-chloro-3-nitro-5-methyl-l,2,4-triazole with isobutyl io¬ 
dide (95ZOR113) (see Section IV, B,7). 


G. TV-Halotetrazoles 

The reported attempts to obtain iV-chloro-5-phenyltetrazole led to isola¬ 
tion of l,4-dichloro-l,4-diphenyl-2,3-diazabutadiene 51, probably through 
the formation of an intermediate W-chloro-5-phenyltetrazole with subse¬ 
quent rearrangement to a C-chloroderivative and finally to the cleavage of 
the latter [79JCS(CC)419] (Fig. 3). 




rv 


Scheme 20 
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III. Structure and Spectra of JV-Haloazoles 

A. Theoretic Studies 

Theoretical studies of W-haloazoles by means of quantum chemis¬ 
try (MNDO) were carried out for a series of N-halo-1,2,4-triazoles 
[98ZOR(ip)]. Charge distribution between the heterocycle and the halo¬ 
gen, bond length, bond order, and TV-halogen bond energy depend mainly 
on the nature of the halogen (Table I). The most significant feature is the al¬ 
teration in the sign and value of the charge on the halogen atom and the 
heterocycle on changing from AMluorotriazole to other W-halotriazoles. 
This is connected with the changes in electronegativity of the halogens. The 
fluorine atom in W-fluoroderivatives has a small negative charge. That 
means that heteroring acts as an electron-donating group in relation to the 
halogen. In TV-chloro-, W-bromo-, and N-iodotriazoles the halogen atom is 
positively charged, and the value of this charge increases on going from 
chlorine to iodine. From the calculations of the energies of /V-halogen 
bonds it follows that the N-F bond in triazoles is much stronger than the 
N-Cl, N-Br, and N-J bonds, in agreement with the relative stability of N- 
halo-3-nitro-l ,2,4-triazoles (see Section IV,A). 


B. Molecular Spectra 
1. Vibrational Spectra 

Infrared spectra of V-haloazoles usually are presented without detailed 
discussion. The main frequences are located in ranges characteristic of the 


(51) 

Fig. 3 



TABLE I 


Atomic Charges, Bond Lengths, Orders, and Energies of the N-Halogen Bond for Some 1-X-l,2, 4-triazoles [98ZOR(ip)J 


Compound 



Atomic charges (e) 



X-N bond parameters 

X 

N-l 

N-2 

C-3 

N-4 

C-5 

X Bond length (A) 

Bond order 

Bond energy (eV) 

1-X-l,2,4-triazole 

F 

-0.07 

-0.10 

0.01 

-0.24 

0.13 

-0.04 

1.283 

0.958 

-15.98 


Cl 

-0.17 

-0.11 

0.00 

-0.24 

0.11 

0.11 

1.690 

0.915 

-11.64 


Br 

-0.23 

-0.12 

0.00 

-0.24 

0.11 

0.18 

1.780 

0.892 

-11.58 


I 

-0.35 

-0.13 

0.01 

-0.25 

0.10 

0.33 

1.962 

0.826 

-11.73 


H 

-0.20 

-0.14 

0.00 

-0.25 

0.08 

0.24 

1.003 

0.889 

-13.34 

l-X-3-N0 2 -1,2,4-triazole 

F 

-0.05 

0.00 

-0.02 

-0.16 

0.14 

-0.02 

1.283 

0.963 

-16.02 


Cl 

-0.16 

-0.01 

-0.03 

-0.17 

0.12 

0.14 

1.690 

0.913 

-11.71 


Br 

-0.22 

-0.01 

-0.03 

-0.17 

0.12 

0.22 

1.780 

0.885 

-11.60 


I 

-0.34 

-0.03 

-0.03 

-0.17 

0.11 

0.36 

1.968 

0.868 

-11.56 


H 

-0.18 

-0.04 

-0.04 

-0.17 

0.09 

0.25 

1.007 

0.882 

-13.23 
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particular classes of heterocycles and carbon-bound substituents. The main 
difference from the IR spectra of starting azoles is the disappearance of 
N-H bond vibrations (3500-3200 cm" 1 ) [69JCS(C)1474; 78JCS(P1)909; 
85CB4588,85JHC1631; 901ZV2814]. Infrared spectra of some A'-haloazoles 
are listed in Table II. 

2. Electronic Spectra 

Ultraviolet spectra of /V-haloazoles are presented without detailed 
theoretical consideration [69JCS(C)1474; 75JCS(CC)482; 78JOC2639; 
86H(24)1311], The absorption maxima of TV-haloazoles are located in the 
ranges characteristic of the corresponding aromatic azoles. The differences 
in the UV spectra of JV-chloroindole (X. max 265 nm), 3//-3-chloroindole 
(\ max 252 nm, shoulder), and 3-chloroindole (R = H) (A. max 283 nm) are suf¬ 
ficient for kinetic studies of their transformation [75JCS(CC)482; 
78JOC2639; 86H(24)1311]. 


TABLE II 


IR Spectra of Some N-Haloazoles 


Compound 

vmax (cm 1 ) 

References 

l-Fluoro-2,3,4,5-tetrakis- 

1573,1501,1163,1094,915,783,760 

85CB4588 

(trifluoromethylthio)- 

pyrrole 

l-Ch!oro-2,3,4,5-tetrakis- 

(trifluoromethylthio)- 

pyrrole 

1560,1504,1456,1302,1265,1167, 

1456,1302,1265,1167,1105,1050, 
756,667,475 

85JHC1631 

l-Bromo-2,3,4,5-tetrakis- 

1554,1494,1180.1159,1086,755 

85CB4588 

(trifluoromethylthio)- 

pyrrole 

1 -Chlorobenzotriazole 

1610.1558,1442,1234,1060.1046. 
774.759,745 

78JCS(P1)909 

1-Bromobenzotriazole 

1610,1589,1269,1213,1158,1001. 

930,788,744,653 

78JCS(P1)909 

1 -Iodobenzotriazole 

1610,1588,1444,1268,1189,1166, 
1000.927,785,749,648 

78JCS(P1)909 

1,4,5,6,7-Pentachloro- 
benzotriazole 

1298.1243.1229,1191,1042,1025, 

984,835,814 

78JCS(P1)909 

l-Chloro-3-nitro- 

1,2,4-triazole 

1560.1530,1490.1440,1430,1320, 

1230,1190,1120,1030,990,880,850 

90IZV2814 

1 -Chloro-3-nitro-5-methyl- 
1,2,4-triazole 

1565,1485.1320,1150,1100,1060, 
1010.900,860,770,720 

90IZV2814 

l,5-Dichloro-3-nitro- 
1,2,4-triazole 

1580,1480,1440,1420,1320,1120, 
1030,855,710 

90IZV2814 

l-Chloro-3-nitro-5-brom- 
1,2,4-triazole 

1550,1480,1410,1300,1150,1080, 
1060,1010,860,770,710 

90IZV2814 
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3. NMR Spectra 

Hydrogen-1 and ,3 C NMR spectral data after 1967 were used to establish 
the structure of /V-haloazole products. Hence, the character of 'H NMR 
spectra of A-halobenzotriazoles (35,36,38,39) confirms the location of the 
halogen at an N-l heteroatom [69JCS(C)1474; 78JCS(P1)909; 91T7447], 
Substitution of the proton at the heteroring nitrogen causes an insignifi¬ 
cant downfield shift of a signal of the proton located at a neighboring car¬ 
bon atom (72JPR923; 82JOC1008; 90IZV2814). A downfield shift of the ,3 C 
signal was observed in 13 C NMR spectra of /V-halopyrroles (82JOC 
1008; 85CB4588, 85JHC1631) and /V-chloro-1,2,4-triazoles (90IZV2814). 
Nitrogen-15 NMR spectral data are presented in only two examples for N- 
chloro-1,2,4-triazoles (90IZV2814). Substitution of the proton by chlorine 
at the N-l heteroatom causes a negative shift of the signal. Fluorine-19 
NMR spectra are published only for two compounds, 1-fluoro-2,3,4,5- 
tetrakis(trifluoromethylthio)pyrrole 4 (-35.39 ppm; 85CB4588) and 1- 
fluorobenzotriazole 35 (-18.41 ppm; 91T7447). The NMR spectra of some 
/V-haloazoles are given in the Tables III-V. 

4. Mass Spectra 

Reported data on /V-haloazoles are few (70OMS1532; 77CPB2350; 
78JCS(P1)909; 85CB4588,85JHC1631], Mainly the peaks of molecular ions 
and of one or two fission ions are reported. In the spectra of 1-halopyrroles 
3a,b together with the molecular ion (M + ) the peak of the (M-CF 3 ) + ion 
was observed (85CB4588, 85JHC1631). l-Bromo-2-ethylsulfonylindole 14 
gives the molecular ion (M + ) (26%), the main peak of the fission ion [(M- 
S0 2 Et) + ] (100%), and also intense peaks for [M-Br+H) + ] and [M-S0 2 Et- 
Br+H) + ] (43%). The spectrum of 1-chlorobenzotriazole 36a shows not 
only the molecular ion of the parent (M + ) (153/155), but also the molecular 
ion of benzotriazole (119) and its fragments (70OMS1523). The authors 
consider that the molecular ion of benzotriazole is formed not by the direct 
fragmentation of 36a under the electron impact, but as a result of its reac¬ 
tion with the traces of water (Scheme 22). 

The mass spectrum of /V-chlorobenzotriazole, “purified” from the peaks 
of benzotriazole and the products of its fragmentation, contains the molec¬ 
ular ion (M + ) 153/155 (40%), the fission ions [(M-N 2 ) + *] 125/127 (20%), 
[M-N 2 -C1) + *] 90 (100%), and also the ions with m/e 63 (20%), 34,33,32,31 
(20%). 

For other /Y-halobenzotriazoles and l-chloro-4,5-diphenyl-l,2,3-triazoles 
32c it is characteristic that [(M-N 2 ) + ] ions are observed together with the 
molecular ion [78JCS(P1)909; 79JCS(CC)419], 
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TABLE III 

NMR Spectra for Some N-Halopyrroles 


Chemical shifts, 8 (ppm) 


Compound 

'H 

L, C 

19p 

References 

1-Chloropyrrole 

6.08t 

124.0(C-2.5) 


82JOC1008 


6.601 

109.3(C-3.4) 



1 -Fluoro-2,3,4,5-tetrakis- 


134.22(C-2,5) 

-38.36(CF 3 ) 

85CB4588 

(trifluoromethylthio)- 

pyrrole 


124.40(03,4) 

-39.80(CF 3 ) 




127.28(CF3) 

-35.99(N-F) 




127.12(CF3) 

-35.99(N-F) 


1 -Chloro-2,3,4,5-tetrakis- 


131.4(C2.5) 

-41.59(CF,) 

85JHC1631 

(trifluoromethyllhio)- 

pyrrole 

- 

124.3(C-3,4) 
128.1 (CF3) 
127.4(CF3) 

-42.90(CF 3 ) 


l-Bromo-2,3,4,5-tetrakis- 


130.5(C-2,5) 

-42.49(CF 3 ) 

85CB4588 

(trifluoromethyllhio)- 

pyrrole 

- 

123.8(C-3,4) 

128.90(CF3) 

127.83(CF3) 

-43.41(CF,) 


Pyrrole 

6.22(1) 

118.2(C-2,5) 

— 

84CHEC(4)1 


6.68(f) 

107.2(C-3,4) 



2,3,4,5-letrakis- 





(trifluoromethylthio)- 

pyrrole 

_ 

126.2(C-2,5) 

-42.16(CF 3 ) 




123.2(C-3,4) 

-43.26(CF 3 ) 



IV. Chemical Properties 


A. Stability 

(V-Halo azoles are thermodynamically unstable compounds. They must be 
handled with care because of possible spontaneous ignition and explosive 
decay [71CEN(49)30; 72JPR923; 78MI1]. 

Their stability is determined by the possibility to undergo transforma¬ 
tions in several directions: (a) thermal decomposition with the destruction 
of the ring; (b) irreversible rearrangement to more stable C-haloazoles; and 
(c) dissociation of the (V-halogen bond leading to starting materials. Re¬ 
ported data are insufficient to establish a complete scale of relative stabili¬ 
ties of /V-haloaz.oles. 
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TABLE IV 

'HMR Spectra for 1-C.hloro-1,2,4-triazole,s 


Compound 

Solvent 

Chemical shifts, 8 (ppm) 

References 

1-Chloro-1,2.4-triazole 

C 6 D„ 

7.23(H-3); 7.76(H-5) 

72JPR923 


ecu 

7.78(H-3); 7.96(H-5) 

72JPR923 

1 -Chloro-5-methyl- 

ecu 

7.70(H-3);2.50(5-CH,) 

72JPR923 

1,2,4-triazole 

l-Chloro-3-methyl- 

CC1 4 

7.95(H-5);2.36(3-CH,) 

72JPR923 

l,2,4-2triazolc 

1 -Chloro-5-ethyl- 
1,2,4triazole 

CC1 4 

7.78(H-5); 5-Et: 2.81 (CH 2 ); 
1.36(CH,) 

72JPR923 

1 -Chloro-3-ethyl- 

CC1 4 

8.00(H-5); 7.97,7.33(Ph) 

72JPR923 

1,2,4triazole 

l-Chloro-3-phenyl- 
1,2,4-triazole 

CC1 4 

8.06(H-5); 3-Et: 2.70(CH 2 ); 
1.29(CH,) 

72JPR923 

1,3-Dichloro- 

CO(CD,) 2 

8.68(H-5) 

9U1ZV2814 

1,2,4-triazole 

l-Chloro-3-nitro-2- 

CO(CD,) 2 

8.96(H-5) 

90IZV2814 

1,2,4-tri azole 


Thus, iV-chloropyrrole and its benzoderivatives were obtained as solu¬ 
tions in inert organic solvents (alkanes, chloroalkanes); their stability at 
0-20 C varies from several hours to several weeks [75JCS(CC)482; 
78JOC2639; 81JOC2054; 82JOC1008; 84CHEC(4)213; 87JOC173]. The 
presence of electron-accepting substituents at the positions 3 and 5 of in- 

TABLE V 

l3 C and i5 N NMR Spectra for Some N-Ch loro-1 ,2,4-triazoles (90IZV2814) 


Chemical shifts, 8 (ppm)" 


Compound 

13 C 

15 n 

1,3-Dichloro-1,2,4-triazole 

152.02d(C-2) 

-204.06d(N-l) 


149.10d(C-5) 

87.23s(N-2) 
— 121.75d(N-4) 

1 -Chloro-3-nitro-5-methyl-l ,2,4-triazole 

160.85s(C-3) 

197.68q(N-l) 


159.25q(C-5) 

—82.20s(N-2) 
133.22q(N-4) 

l-Chloro-3-nitro-l.2,4-triazole 

163.72d(C-3) 

146.22d(C-5) 


l-Chloro-3-nitro-5-bromo-l,2,4-triazole 

161.53s(C-3) 

135.40s(C-5) 


1,5-Dichloro-3-nitro-l ,2,4-triazole 

160.26s(C-3) 

146.90s(C-5) 



"Abbreviations: s = singlet; d = doublet; q = quartet. 
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(36a) m/elJ9 

Scheme 22 


dole ring increases the thermal stability of A-chloroindole solutions, but 
isolation of pure compounds is still impossible [86H(24)1311]. 

In contrast to A-chloroindoles, A-bromoindoles 14 with an electron- 
accepting substituent in position 2 (S0 2 Et) are more stable and can be 
isolated (77CPB2350). Stability of /V-halopyrroles and their benzoderiv- 
atives is connected with their ease of (a) oxidative destruction and (b) rear¬ 
rangement to C-haloderivatives (see Section IV,B,2). 

The series of A-chloro- and A-bromopyrazoles 16,17, and 19, containing 
electron-accepting substituents (N0 2 , Cl, I), are stable [55LA(593)179; 
56LA(598)186; 80JOC76], A-Iodopyrazoles 21 and 23 are more stable 
than their A-chloro- and A-bromo derivatives even in the presence of an 
electron-donating methyl group on the ring (70CB1949). The main factor 
relating to the stability of A-halopyrazoles is the ease of their transforma¬ 
tion to C-halopyrazoles, although a role may also be played by their oxida¬ 
tive destruction [56LA(598)186]. 

In a series of A-haloimidazoles only 2,4,5-trisubstituted A-iodoimida- 
zoles 27 are stable (10CB2243). A-Chloro-4-nitroimidazole is unstable and 
decomposes to nitroimidazole (97ZOR1847). Annulation increases the sta¬ 
bility of A-haloimidazoles. A-Chlorobenzimidazoles 30 with electron- 
accepting substituents in the ring are rather stable [70ZN(B)934, 
70ZN(B)954], 

A-Iodobenzimidazoles 31 are stable even in the presence of the electron- 
donating methyl group in position 2 [63JCS2930; 81JCS(P1)403]. Their 
cleavage proceeds by breaking the A-halogen bond to form the starting 
benzimidazoles. 

In the series of A-halo-1,2,3-triazoles, A-chloro compounds 28 are the 
least stable; more stable are A-bromo- 33 and A-iodo-1,2,4-triazoles 34 
[55LA (593)207; 70ZC220]. 

The phenyl group in positions 4 and 5 of the ring increases the stability 
of A-chlorotriazole [79JCS(CC)419]. The cleavage of triazole 31c is de¬ 
scribed in Section IV,B,2. 

Annulation of 1,2,3-triazoles also increases the stability of their A- 
haloderivatives. All A-halobenzotriazoles are of considerable stability. A- 
Fluorobenzotriazole 35 is stable as a liquid at room temperature (91T7447). 
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TV-chloro and /V-bromo compounds 36a and 38 have similar melting points 
(105-106°C and 114-116°C with decomposition, respectively), and N- 
iodobenzotriazole 39 melts at 214-216°C with decomposition [69JCS(C) 
1474; 78JCS(P1)909], 

For 1,2,4-triazoles, all the IV-halo derivatives are relatively stable. Their 
stability is determined mainly by possibile rearrangement to C-halotria- 
zoles and dissociation to the starting materials (67ZC184; 72JPR923; 
90IZV2814). 

For 1-chlorotriazole 39 (R=H) the equilibrium involving its formation is 
shifted toward the final products (72JPR923). At the same time, 1-chloro- 
3,5-dinitro-l,2,4-triazole 43 cannot be prepared due to the high acidity of 
the starting dinitro compound (70KGS558) and the shift of the equilibrium 
is toward the starting compounds (90IZV2814) (Scheme 23). 

In contrast to other azoles whose stability decreases from AModo to N- 
bromo and further to IV-chloro derivatives, l-chloro-3-nitro-l,2,4-triazoles 
are more stable that their 1-bromo and 1-iodo analogs. In this series the sta¬ 
bility order is reversed (96UP1). Rearrangement of A-halo-1,2,4-triazoles is 
described in Section IV,B,2. 

In summary, a series of stable A-haloazoles may be established. It in¬ 
cludes TV-chloro-, V-bromo-, and A-iodopyrazoles with electron-accepting 
substituents; 2,3,5-trisubstituted iV-iodoimidazoles, IV-iodobenzimidazoles, 
V-chlorobenzimidazoles with electron-acceptor substituents; TV-iodo- 
1,2,3-triazoles; all V-halo-l,2,3-benzotriazoles; and IV-halo-1,2,4-triazoles. 
Accumulation of electron-accepting substituents on the ring stabilizes N- 
haloazoles to a certain extent, but their stability decreases again because 
of the dissociation of these substances to the starting compounds. Annu- 
lation of an azole with a benzene ring also increases the stability of N- 
haloderivatives as does an increase in the number of heteroatoms in the 
ring from one to three. But further increase causes a marked decrease in 
stability as shown for tetrazoles. 


B. Chemical Transformations of A-Haloazoles 

The reactivity of A-haloazoles is mainly determined by the feasibility of 
the cleavage of the V-halogen bond (Scheme 24). 


N-t/ 

0»-O 


Scheme 23 
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1. Reaction of /V-haloazoles with compounds provoking the heterolysis of 
the bond to give a positively charged halogen ion and the azolate anion: 
this route takes place by the reaction of N-haloazoles with protic acids 
and inorganic reducing agents, by electrophilic halogenation and the ad¬ 
dition to multiple bonds, and by the oxidation of organic substrates 
where the positively charged halogen is an oxidant in the first stage of 
the process (subsequent stages may proceed through radical formation). 

2. Heterolysis of the N-halogen bond with the formation of halide anion: 
this process is favored by the electron-donating character of the hetero¬ 
cycle as is the case for pyrrole derivatives. 

3. Homolytic cleavage of the /V-halogen bond to form the azolyl and the 
halogen radicals. This pathway may take place in radical halogenation 
and the addition to a multiple bond, initiated by UV irradiation, or by 
means of radical initiators.This route may be found in some oxidative re¬ 
actions (Scheme 24). 

1. Behavior of N-Haloazoles in Water and in Acidic and Basic Media 

The pathways of transformation of Af-haloazoles in water and in acidic 
and basic media to a large extent depend on the basicity of azoles, the ease 
of heterolysis of the A-halogen bond, and the capability of further ring 
transformations. 

Quantitative data on the basicity of N-haloazoles are absent, but it may 
be considered that it does not differ significantly from that of the starting 
heterocycles (90M11). From the quantum chemistry calculations of /V-halo- 
1,2,4-triazoles and their NH analogs [98ZOR(ip)] it follows that the values 
of charges on the N 4 heteroatom (the protonation center) are similar (Table 
I). The possibility of protonation of A-haloazoles is confirmed also by their 
dissolution in acids, while in neutral medium they do not dissolve [1,2,4,5- 
tetraiodoimidazole (10CB2243); 1-iodobenzimidazoles (63JCS2930); 1- 
chloro-4-nitropyrazole [56LA(598)186]; 1-chlorobenzotriazole (90MI1); 1- 
chloro-3-nitro-l,2,4-triazole (96UPI)].The solubility of some A-haloazoles 
in basic media is also reported [/V-chlorobcnzotriazolc [69JCS(C)1474]; 1- 
chloro-3-nitro-l ,2,4-triazole [96UPI], After neutralization these com¬ 
pounds precipitate. The solubility in basic media may be caused by the dis¬ 
sociation of the /V-halogcn bond by nucleophilic attack of hydroxide ion on 
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the halogen atom. Transformations of the molecule of iV-haloazole (for 1- 
chloro-1,2,4-triazole) are presented in Scheme 25. 

The stages a and c may be irreversible due to the consumption of HOC1 
in subsequent reactions (thermal decomposition, halogenation, etc.). The fi¬ 
nal result of these processes may be the formation of the parent NH-azole 
(in protonated, neutral, or anionic form). 

2. Rearrangement of N-Haloazoles to C-Halo Derivatives 

Rearrangement of 7V-haloazoles to C-haloazoles is a typical reaction of 
TV-haloazoles capable of halogenation at a ring-carbon atom. /V-Chloro- 
pyrrole 1, while heated with methanol, gives a mixture of pyrrole (30%), 
2-chloropyrrole (—30%), 3-chloropyrrole (15-20%), and 2,5-dichloro- 
pyrrole (—10%) (82JOC1008). On the addition of the basic resin Amberlist 
A-21 to the reaction mixture the formation of 2-chloro-, 3-chloro-, and 
2,5-dichloropyrrole sharply decreases (to 0.5-3%) (Scheme 26). 

On the addition of pyrrole to the reaction mixture the yield of 3- 
chloropyrrole increases 10-fold. 

The rearrangement of 7V-chloropyrroles to C-chloropyrroles may pro¬ 
ceed by two pathways. The first one is the slow thermal rearrangement 
yielding 2-chloropyrrole, while the second one is the faster acid-catalyzed 
intermolecular reaction leading to 2- and 3-chloropyrroles in a 1.9-to-l ra¬ 
tio. The acidity of the reaction mixture arises from the formation of HC1 in 
the course of thermal decomposition of /V-chloropyrrole (82JOC1008). An 
analogous scheme is proposed also for the formation of C-chlorocarbazoles 
from 9-chlorocarbazole 15 (87JOC173) (Scheme 27). 

TV-Chloroindoles 9 in alkaline ethanol are converted to 3-chloroindoles 
[78JOC2639; 81JOC2054; 86H(24)1311]. Kinetic studies showed that it pro- 
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ceeds through the intermediate formation of 3-chloro-3//-indole 52 and is 
catalyzed by bases (Scheme 28).The rate-determining step is deprotonation 
of compound 52 (78JOC2639) (Scheme 28). 

Rearrangement of 1,3-dichloroindole, 10 leads to 3,3-dichloro-3//- 
indoles 53 (81JOC2054). 3-Bromoindoles 54 are formed analogously from 
3-R-3-bromo derivatives 14 (77CPB2350) (Scheme 29). 

7V-Halopyrazoles also easily form the products of rearrangement 
[55LA(593)200; 80JOC76]. 3,4-Dimethyl-5-iodopyrazole 55 is formed by 
heating A-iodo derivative 23 in the presence of 3,5-dimethylpyrazole, which 
plays the part of the halogen carrier [55LA(593)200], l,4-Dichloro-3,5- 
diphenylpyrazole 17 spontaneously undergoes a rearrangement to the 
more stable 4,4-dichloro-4//-pyrazole 56 at room temperature (80JOC76) 
(Scheme 30). 

In the series of 1,2,3-triazoles fast rearrangement of A-bromo-4-methyl- 
1,2,3-triazole 33c to 4-methyl-5-bromo-l,2,3-triazole 57 is described 
[55LA(593)207], 1-Iodo-l,2,3-triazole 34a yields 4,5-diiodo-l,2,3-triazole 58 
on heating to 110°C in the presence of 3,5-dimethyl-l ,2,4-triazole as a halo¬ 
gen carrier (70ZC220) (Scheme 31). 

Heating l-chloro-4,5-diphenyl-l,2,3-triazole 31c in acetonitrile decom¬ 
poses it to benzonitrile, 2,3-diphenyl-3-(4,5-diphenyl-1,2,3-triazol-l-yl) 
azirine, and phenylchlorodiazomethane [79JCS(CC)419]. This cleavage 
arises from the intermediate formation of the products of rearrangement of 
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31c to a C-chloro derivative and its subsequent transformation in two di¬ 
rections: (a) cleavage of the ring and (b) evolution of nitrogen (Scheme 32). 

The transfer of halogen from nitrogen to a benzotriazole ring takes place 
in the reaction of TV-chlorotriazole 36a with l-azabicyclo[2.2.2.]octane 
through the intermediate formation of a 1-chloroazonium derivative 
[76JCS(P1)741] (Scheme 33). 

Rearrangement of IV-halo-l,2,'4-triazoles to C-haloderivatives is de¬ 
scribed in a series of reports. The possibility of formation of C-halo-1,2,4- 
triazoles depends on the reactions conditions; on the nature of the halogen; 
and on the presence, type, and location of substituents at the carbon atoms 
of the ring. 

N-Chloro- and IV-bromo-l,2,4-triazoles 42 and 44 are converted to C- 
halo derivatives by heating in inert solvents in the presence of benzoyl per¬ 
oxide or by UV irradiation under conditions typical for a radical process 
(69KGS1114) (Scheme 34). 
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/V-Iodo-1,2,4-triazole 49 in contrast to jV-chloro and IV-bromo derivatives 
does not react under these conditions (69KGS1114). Formation of 3-iodo- 
and 3,5-diiodo-l,2,4-triazole proceeds on heating to 150°C in the presence 
of 3,5-dimethyl-l ,2,4-triazole as the halogen carrier (69ZC300; 70ZC220). 

When the substituent in position 5 is absent, 1- and 4-substituted N- 
bromotriazolium bromides 45 and 47 are easily converted to 5-bromo-1,2,4- 
triazoles by heating in water (75BSF647) (Scheme 35). 

Rearrangement of 1-chloro-1,2,4-triazoles to 3-(5)-chlorotriazoles takes 
place on heating in water or tert-butanol when electron-withdrawing sub¬ 
stituents in the ring are absent. Such l-chloro-5-R-l,2,4-triazoles 40 (R=H, 
Me, Et) yield 3-chloro-5-R-derivatives, but if R =Ph, Cl (72JPR923), or N0 2 
(93ZOR2326) (compounds 42), then only dehalogenation leading to NH- 
azoles takes place. However, /V-bromo-3-nitro-l,2,4-triazole 44 gives the 
product of rearrangement on heating in basic medium (70JOC2635) 
(Scheme 36). 

Kinetic studies of the rearrangement of /V-chloro-1,2,4-triazole in water 
showed that this reaction is second order in IV-chlorotriazole and is inde¬ 
pendent of pH in the range 2-7. The considerably negative value for the ac¬ 
tivation entropy (—20.6 cal/deg-mol) shows that a high degree of coordina¬ 
tion of the rings is needed in the transition state.Therefore, the process may 
be an intermolecular transfer of halogen from the nitrogen of one ring to 
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the carbon atom of the other. Triazole and HOC1, formed in the process, 
quickly react to re-form /V-chlorotriazole (72JPR923) (Scheme 37). 

Hence, intermolecular rearrangement of JV-haloazoles to C-haloazoles is 
an example of the halogenating properties of TV-haloazoles (see Section 
IV,B,5). 

3. Reactions of N-Haloazoles with Reducing and 

Nucleophilic Reagents 

Reactions of /V-haloazoles with reducing and nucleophilic agents often 
take place because these compounds formally contain a positively charged 
halogen leaving group. They easily react with typical inorganic reducing 
agents (iodide, bisulfite, sulfide, and hypophosphite ions and ammonia) to 
cleave the /V-halogen bond; NH-azoles are formed [55LA(593)200, 
55LA(593)207; 67CB2250, 67ZC184; 69KGS1114, 69ZS300; 70ZN(B)934; 
77CPB2350; 90IZV2814], Depending on the electron distribution in the 
azole molecule and the nature of the attacking nucleophile, reaction may 
involve other reactive centers of an V-haloazole. 

Reactions of 7V-chloropyrrole, V-chloroindole, and V-chlorobenzotria- 
zole with sodium or potassium iodide are used for their quantitative iodo- 
metric determination (78JOC2639; 82JOC1008; 90MI1) (Scheme 38). 

V-Chloropyrrole 1 is easily dehalogenated by potassium carbonate and 
cyanide ion (82JOC1008). The introduction of a thiocyanate group in posi¬ 
tion 2 of the pyrrole ring is achieved with thiocyanate ion.The reaction pro- 
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ceeds through the intermediate formation of pyrrole and dithiocyanogen, 
which react to give 2-pyrrolyl thiocyanate 58 (82JOC1008) (Scheme 39). 

The presence of trifluoromethylthio groups on the pyrrole ring changes 
the direction of reaction of such an /V-chloropyrrole with nucleophilic 
agents. 1-Chloro derivative 3a reacts with nucleophiles to form the products 
of N-substitution (85CB4588; 89JFC265) (Scheme 40). 

It is significant that tetrasubstituted TV-chloropyrrole 3a does not react as 
a chlorinating agent (85CB4588). 

Reaction of N-chloropyrrole with silver phthalimide proceeds to intro¬ 
duce the phthalimide moiety in position 2 with the simultaneous migration 
of trifluoromethylthio group to nitrogen (85CB4588) (Scheme 40). 

All the attempts to substitute the N-bound halogen by a nucleophilic 
moiety failed in other A-haloazoles. 

Reaction of TV-chlorobenzotriazole with alkali does not yield a 1-hydroxy 
derivative [69JCS(C)1474] (see Section III,B,1). Reaction of A-iodobenz- 
imidazole or A-chlorobenzotriazole with silver or sodium salts of the cor- 
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Scheme 41 


responding azoles also does not lead to 7V,AT-bisazoles [69JCS(C)1474; 
81JCS(P1)403], 

Reaction of N-iodobenzimidazoles 31 with the silver salt of benzimid¬ 
azole in boiling /n-xylene yielded only the benzylated heterocycle 59 
[81 JCS(P1 )403] (Scheme 41). 

Reaction of 1 -chloro-3-nitrotriazole 42c with potassium salts of 3-bromo 
and 3-nitro-l,2,4-triazoles yields the NH-azole as the main product, with 5- 
10% of 1,5-bistriazoles, which are formed as a result of nucleophilic substi¬ 
tution of hydrogen in the position 5 of N-chlorotriazole (Scheme 42). 

Reaction of 1-chloro-l,2,4-triazoles with chloride ion in acetonitrile re¬ 
sults in complete dechlorination even at 1:100 [Cl~]/[IV-chloroazole] molar 
ratio. It is proposed that the reaction proceeds according to the scheme in¬ 
cluding a one-electron transfer from chloride ion to /V-chloroazole to form 
TV-chloroazolyl radical anion, and its fast decay to chloride ion and triazolyl 
radical, which removes a hydrogen atom from the solvent to give NH-azole. 
Chloride ion reacts with a new molecule of starting N-chloroazole to con¬ 
tinue the reaction chain (901ZV2814) (Scheme 43). 

4. Electrochemical Reduction of N-Chloro-1,2,4-triazoles 

Electrochemical reduction of a series of 7V-chloro-l,2,4-triazoles 43 at a 
platinum electrode in acetonitrile (90IZV2814;91JEC499) is a two-electron 
process yielding the triazole anion and chloride ion (Scheme 44). 

The values of the reduction potentials (£ 1 / 2 ) increase with the electron- 
accepting properties of the ring (Table VI) and are in good correlation with 
the p K a values of corresponding NH-triazoles (Eq. 1): 
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E m = -(0.11 ± 0.01) p K„ + (0.79 ± 0.06) (Eq. 1) 

n = 6; r = 0.981; s = 0.0519. 

According to coulometric data, the amount of current for the complete 
exhaustion of the starting compound is in the range 0.45-1.3 F/mol de¬ 
pending on the accepting properties of the ring (Table VI). This effect arises 
from the competing chemical redox reaction of (V-chlorotriazole with chlo¬ 
ride ion, formed in the course of electrochemical reduction (see Section 
IV,B,3). The proportion of chemical transformation increases (and that 
of electrochemical transformation decreases) with the accumulation of 
electron-withdrawing substituents. This reflects the increase in oxidative 
ability of /V-chlorotriazoles with an increase in the electron-withdrawing 
properties of the substituents. In general, it coincides with the experimental 
data on the effect of the accepting properties of the ring on the oxidative 
and halogenating activity of (V-haloazoles. 

5. N-Haloazoles as Halogenating Agents 

Halogenation by (V-haloazoles may take place by ionic (electrophilic) or 
free-radical mechanisms. An example of halogenation is the intermolecular 
N-C rearrangement of N-haloazoles (see Section IV,B,2). Almost all the 
studies involving N-haloazoles as halogenating agents were carried out us¬ 
ing 1-chlorobenzotriazole 36a (CBT), 1,3-dichlorotriazole 41a (DCT), and 
1,3,5-tribromotriazole 44 (TBT). 



SCHF. 




32 


M. S. PEVZNER 


[Sec. IV.B 


TABLE VI 

Reduction Potentials (£ 1/2 ) and Coulombs (Q) Consumed during 
Electroreduction of A/-Chloro-1,2,4-triazoles 
(90IZV2814; 91JEC499) 


Compound 

E,«(v) 

Q (F/mol) 

1,3-Dichloro-l ,2,4-triazole 

-0.1 

1.2 

1 -Chloro-3-nitro-5-methyl-l ,2,4-triazole 

-0.05 

1.3 

1 -Chloro-3-nitro-l,2,4-triazole 

0.1 

0.75 

1,3,5-Trichloro-l ,2,4-triazole 

0.2 

0.8 

1,5-Dichloro-3-nitro-l ,2,4-tri azole 

0.4 

0.45 

l-Chloro-3-nitro-6-bromo-l,2,4-triazole 

0.5 

0.55 


a. Halogenation of Alkanes. Reaction of DCT with hydrocarbons ( n- 
pentane, n-hexane, n-heptane, n-octane, cyclohexane) in the presence of 
AIBN initiator at reflux yields a mixture of products of chlorination: 1-, 2-, 
and 3-chloropentanes, 1:18:24; 1-, 2-, and 3-chlorohexanes, 1:18:18; 1-, 2-, 
3-, and 4-chloroheptanes, (1:18:18:18); 1-, 2-, 3-, and 4-chlorooctanes, 
(1:10:10:10); and chlorocyclohexane. Under the analogous conditions 
TBT reacts with these hydrocarbons to give 1-, 2-, and 3-bromohexanes 
(1:80:54); 1-, 2-, 3-, and 4-bromoheptanes (1:122:83:86); and bromocy- 
clohexane. Halogenation proceeds by the radical mechanism (69ZC325). 
Cyclohexane is chlorinated to chlorocyclohexane under the action of CBT 
in the presence of benzoyl peroxide (72MI1). 

b. Halogenation of Alkylaromatic Compounds in the Alkyl Group. Reac¬ 
tion of DCT with alkylarenes in the presence of AIBN or at reflux with an 
excess of the alkylarene gives the corresponding benzyl chlorides in high 
yields. o-Xylene reacts to form a mixture of o-chloromethyltoluene (55%) 
and o-xylilyne dichloride (45%). Ethylbenzene is chlorinated under these 
conditions in the methylene group to give 1-phenyl-l-chloroethane. Chlori¬ 
nation of analogous compounds containing electron-accepting substituents 
gives chlorides (p-chlorobenzyl and p-nitrobenzyl chlorides and 2- 
chloromethylpyridine) in lower yields (40-50%) (69ZC325). TBT reacts 
with alkylaromatic compounds more vigorously to give the corresponding 
benzylbromides. The yields of bromides with electron-withdrawing sub¬ 
stituents in the ring (p-chloro, p-bromo, and p-nitrobenzyl bromides) reach 
70-73% (69ZC325) (Scheme 45). 

Chlorination of toluene with CBT at elevated temperature proceeds on 
the methyl group as well as on the ring. Together with benzyl chloride 
(40-50%) and a mixture of chlorotoluenes (8-20%) 1-benzylbenzotriazole 
(7%), benzotriazole (65%), and its hydrochloride (10%) are formed 
[69JCS(C)1478; 72MI2]. In this case radical as well as electrophilic halo¬ 
genation takes place. 
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c. Halogenation of Aromatic Compounds in the Ring. Halogenation of 
aromatic compounds in the ring proceeds under the action of DCT or TBT 
in aqueous sulfuric acid or in organic solvents in the presence of aluminum 
chloride (69ZC325). The compounds with electron-donating substituents 
are halogenated even in the absence of catalysts. Alkyl phenolates are also 
halogenated in the ring in high yields (>80%); and the structure of isomers 
proves the electrophilic character of halogenation under these conditions. 
With the halogenation of compounds with electron-accepting substituents 
(R=N0 2 , COOEt), the yields are somewhat lower. Chlorination of phenol 
with DCT leads to 2,3,6-trichlorophenol, p-crcsol yields 2-chloro-p-cresol, 
anthranilic acid reacts to form the 5-chloro derivative, and naphthalene 
gives 1-chloronaphthalene (69ZC325) (Scheme 46). 

Similar to DCT, CBT chlorinates aromatic compounds in the ring in 
methanol and methylene chloride in the presence or in the absence of alu¬ 
minum chloride (72MI2). But contrary to DCT and TBT, compounds with 
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Scheme 47 


electron-withdrawing substituents do not react with CBT. On the whole, the 
yields of halogenated compounds in reactions with DCT are somewhat 
higher than those using CBT (72MI2). 

3,5-Di (err-butylphenol reacts with CBT to form 2,4-dichloro derivative 
60 [86ZN(B)245] (Scheme 47). 

Carbazole is chlorinated with CBT to form mono- and polychlorocar- 
bazoles 61,62,63, and 64 [71JCS(C)2775] (Scheme 48). 

Chlorination of indole derivatives with CBT proceeds in position 3 of the 
indole ring [71JCS(C)2539; 74JOC69; 78HCA690]. Chlorination of indole 
alkaloids yields chloro derivatives 65,66,67, and 68 (Fig. 4). 

Chlorination of indoles with CBT is a radical process with intermediate 
formation of indole radical cation followed by its reaction with chlorine 
radical (82JOC4895) or chloride anion [91JCS(P2)1779] (Scheme 49). 

Yields of 3-chloroindoles reach 90% while performing the reaction under 
nitrogen and decrease considerably in acetic acid in the presence of oxygen. 
Under these conditions together with chloroindoles the products of oxida¬ 
tion and dimerization are formed (Scheme 49). 



Scheme 48 
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Fig. 4 


N-Alkylperimidines are easily chlorinated with CBT (78KGS977, 
78KGS1406). Chlorination proceeds according to the mechanism of elec¬ 
trophilic substitution and is governed by the amount of positive charge on 
the carbon atoms of the perimidine ring (78KGS1406). 

1-Methylperimidine, depending on the excess of chlorinating agent, gives 
a mixture of monochloroperimidines 69 and 70 and di-, tri-, and tetra- 
chloroperimidines 71-73 (Scheme 50). 

l-Methyl-6,7-dichloroperimidine gives a mixture of tri- and tetra- 
chloroderivatives 72 and 73. Chlorination of 1-isopropylperimidine leads to 
formation of 4,6,7-trichloroderivative 74 because of steric hindrance 
(78KGS977) (Fig. 5). 

1.2- Dimethylperimidine reacts with CBT to form consecutively 4,9- 
dichloro-(75), 4,7,9-trichloro-(76), and 4,6,7,9-tetrachloro-(77) perimidines. 
(Fig. 6). 

N-Unsubstituted perimidine under these conditions forms only tar. 

l,3-Dimethylperimidone-2 under the action of CBT yields mono- 
(78). di-(79), tri-(80), and tetrachloroperimidones (81) (78KGS1406) 
(Scheme 51). 

1.3- Dimethyl-2,3-dihydroperimidine under the action of CBT gives tar. 

1.3- Dimethylperimidinium perchlorate reacts with 1 mole of CBT in ace¬ 
tonitrile to form a mixture of mono- and dichloro derivatives (82 and 83), 
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and with an excess of CBT 6,7- and 4,9-dichloro derivatives (84 and 85) are 
formed in a 96:4 ratio (Fig. 7). 

Derivatives of pyrazolo[l,5-a]benzimidazole are chlorinated with CBT at 
the pyrazole carbon atom, and substitution of the acetyl group with chlo¬ 
rine may take place (88KGS43) (Scheme 52). 

Analogous imidazoderivatives under the action of CBT undergo 
hetarylation at the methyl group of the imidazole moiety (80KGS1424) 
(Scheme 53). 

d. Halogenation of Ethers. Ethers are halogenated with DCT in the ex¬ 
position under mild conditions (0°) (69ZC325) (Scheme 54). 

Reaction of ethers with CBT under more rigid conditions yields the 
products of oxidation and hetarylation. At room temperature CBT reacts 
with diethyl ether to form 1-ethoxyethylbenzotriazole (—5%) together with 
the chlorination products. In the reaction with tetrahydrofuran l-(2- 
tetrahydrofuryl)benzotriazole is formed [69JCS(C)1474] (Scheme 55). 

In this reaction an induction period is observed (~2 h); this decreases on 
UV irradiation. These observations prove the radical nature of the process 
(Scheme 56). 

For the oxidative cleavage of ethers see Section IV,B,7,b. 
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e. Halogenation of Aldehydes. DCT reacts with benzaldehyde in car¬ 
bon tetrachloride under UV irradiation to give benzoyl chloride (69ZC325) 
(Scheme 57). 

Kinetic studies of the chlorination of benzaldehyde with CBT in 
water-acetic acid mixtures [86IJC(A)478] show the reaction is the first or¬ 
der in CBT and zero order in substrate. Reaction rate increases with a de¬ 
crease in pH and the addition of chloride ion (the first order by [Cl]). It is 
proposed that the chlorinating agent under these conditions is hypochlor- 
ous acid, which is formed from CBT as a result of protonation and subse¬ 
quent hydrolysis. Its reaction with benzaldehyde is fast (Scheme 58). 

DCT was used for chlorination of an imine prepared from benzaldehyde 
and benzylamine (69ZC325) (Scheme 59). 

f. Halogenation of Ketones and Compounds with an Active Methylene 
Group. DCT and related compounds easily chlorinate acetone, acetophe¬ 
none, cyclohexanone, and other compounds with an activated methylene 
group to form a-chloroderivatives (69ZC325) (Scheme 60). 

1-Chloro- and 1-bromobenzotriazoles halogenate metal acetylacetonates 
in the y-position with the preservation of the chelate structure or with the 
formation of complexes with the partial substitution of acetylacetone with 
benzotriazolyl moiety (96TMC457) (Scheme 61). 

The chlorination of a series of substituted l-methylpiperidin-4-ones 
86 with CBT in aqueous acetic acid gave 3-chloroderivatives 87a-e 
[88IJC(A)442], The rate of the reaction was governed by a combination of 



R=Me, Et BT=benzotriazol-l-yl 

a-imidazo[2,1 -a]isoquinoline 
b-imidazo[ 1,2-a]pyridine 
c-imidazo[l,2-a]benzimidazole 
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electronic and steric factors. Af-Methyl-2,6-diphenylpiperidone 86a, 
containing two equatorial hydrogens, is chlorinated faster than 3,5- 
dimethyl derivative 86b and 3,3-dimethylpiperidone 86d. Chlorination of 
tetraphenylpiperidone 86e is the fastest process inspite of the steric hin¬ 
drance created by the 3- and 5-phenyl groups (Scheme 62). 

Thorough kinetics studies of the chlorination of aliphatic, alicyclic, and 
arylalkyl ketones with CBT were carried out by Indian workers (82PIA921). 
Kinetic measurements were performed using aqueous acetic acid and the 
addition of HC10 4 and NaCl. In the presence of mineral acid the reaction is 
first order in ketone and acid and zero order in CBT. A large kinetic isotopic 
effect was observed (for acetone k H lk D = 6.6). Addition of chloride ion 
causes some changes in the reaction order; they become first order in CBT, 
0.6 in ketone, and 0.2 in chloride ion. The rate constant for chlorination of 
substituted acetophenones correlate with a constants for substituents in the 
aryl ring (p is -0.57). On the basis of these data the mechanism in the ab¬ 
sence and in the presence of chloride ion was developed. 

In the absence of chloride ion the rate-determining stage is the enoliza- 
tion of ketone followed by rapid chlorination with CBT or with the 
reagents formed by its protonation. The last two processes are kinetically 
indistinguishable (Scheme 63). 

The acidity of the medium influences the rate of enolization. 

Observed changes in the reaction order in the presence of chloride ion 
show that it takes part in the formation of other halogenating agents by a 
reaction with CBT. The workers (82PIA921) consider that in this case a 
complex C is formed between protonated CBT and the chloride ion. This 
complex contributes the chlorination of the enolic form of a ketone 
(Scheme 64). 

The negative value of p in the Hammet equation for aryl alkyl ketones 
arises from the presence of a positively charged reaction center in the tran¬ 
sient state. 


r'ch 2 r 2 — ci »- r'chcir 2 

a r'=H, R 2 =COMe; b. r‘=H, R 2 =COPh; c. R 1 ,R 2 =(CH 2 ) 4 CO 
d R I= Me, R 2 =CN; e. R'=Ph, R 2 =CN; f. R=CN, R 2 =COOEt; 
g R*=R 2 =COOEt; r'-R 2 --COOH 


Scheme 60 
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M(acac) 2 -► [M(BT)X—acac) 2 

Sc heme 61 


X = Cl, Br, 
BT=benzotriazolyI 


g. a-Halogenation of Sulfoxides. Reaction of CBT with sulfoxides in 
acetonitrile proceeds to form the products of chlorination of the a-carbon 
atom. In the case of methyl sulfoxides, a-chloromethyl derivatives are 
formed [72JCS(P1)1886,72S259] (Scheme 65). 

Reaction proceeds in the presence of pyridine, but in some cases the ben- 
zotriazole anion, formed in the course of the reaction, acts as a base. Reac¬ 
tion is stereospecific; halogenation of compounds with a prochiral a-carbon 
yields only one of two possible diastereoisomers. Chlorination of optically 
active sulfoxides takes place with preservation of configuration, but addi¬ 
tion of silver ions causes the inversion of configuration at sulfur. The labil¬ 
ity of hydrogen at the a-carbon atom does not considerably affect the di¬ 
rection of chlorination. On chlorination of benzyl methyl sulfoxide, benzyl 
chloromethyl and a-chlorobenzyl methyl derivatives are formed in approx¬ 
imately equal amounts (Scheme 66). 

The kinetics of chlorination of arylmethyl and arylisopropyl sulfoxides 
with CBT in acetonitrile in the presence of pyridine show the reaction 



a R=R 2 =R 3 =R 4 =H; b. r'=R 3 =H; R 2 =R 4 =Me, 
c. R =R 2 =R 3 =H; R 4 =Me; d R=R 2 =H; R 3 =R 4 =Me; 
e R 1 =R 3 =Ph, R 2 =R 4 =H. 


Scheme 62 
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is second order (first order in sulfoxide and first order in CBT) 
[75JCS(P2)218], The isotopic effect k H /k D was 3.1 for the chlorination of 
the methyl group and 7.0 for the isopropyl substituent. Rate constants cor¬ 
relate with the Hammet cr constants for substituents in the aryl ring (p is 
-4.35 for the chlorination of the methyl group and -3.71 for the isopropyl 
chain). The mechanism of chlorination includes the initial formation of an 
intermediate chloroxysulfonium salt, which reacts with a base (pyridine or 
benzotriazolyl anion) to remove the a-proton.This stage is followed by the 
migration of chlorine to the cc-carbon atom (Scheme 67). 

Migration of chlorine and deprotonation may proceed through a cyclic or 
bridged intermediate to preserve configuration. In the presence of silver ni¬ 
trate coordination of Ag + by halogen or by the unshared electronic pair of 
oxygen or sulfur may cause the redistribution of charge in the intermediate, 
and the subsequent migration of halide to the carbon atom now proceeds 
with inversion of the configuration [72JCS(P1)1886] (Scheme 68). 

Reaction of sulfoxides with CBT in a protic solvent (methanol) also pro¬ 
ceeds through the formation of intermediate, which reacts with methanol to 
form the oxidation product (sulfone) (72S259) (Scheme 69). 

h. Chlorination of NH-Acids and Amines. Succinimide and phthalim- 
ide react with DCT in aqueous acetic acid at 0°C to form A-chlorosuccin- 
imide and /V-chlorophthalimide in more than 80% yield (69ZC325) 
(Scheme 70). 


H 



San mi 64 
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R 2 R 2 

R*S —CH CBT » r's—C-C l 
II I, II I, 

OR OR 

a. R ’=Ph, R 2 =R 3 =H; b. R'=n-MeC 6 H^, R 2 =R 3 =H, 
c. R ] =Ph, R 2 =R 3 =Me, d. R=Ph, R 2 =H, R 3 =Ph; 
e. R=PhCH 2 , R 2 =R 3 =H, f. R'=PhCHD, R 2 =R 3 =H 
Scheme 65 

PhCH 2 SCH r -2?I*.phCH 2 SCH2Cl + PhCHClSCH, 
OOO 
Scheme 66 


Ar-—S—CH +CBT . 


Ar—S-C-CI - 


xO' 


\ /\ 

C-S—Ar 

I l 


Scheme 69 
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Scheme 70 


Phthalimide is chlorinated with CBT in benzene at reflux to form a 
chloro derivative in 44% yield (72MI1). 

Primary amines, tm-butyl- and benzylamine, are chlorinated with CBT to 
the corresponding monochloroamines [76JCS(P1)741] (Scheme 71). 

6. Addition of N-Haloazoles to a C=C Bond 

Addition of A/-haloazoles to a C=C bond may proceed by an elec¬ 
trophilic (ionic) as well as by a radical mechanism. 

Reaction of DCT with styrene in polar protic solvents (water, acetic acid, 
and methanol) proceeds with the electrophilic addition of the halogen and 
the solvent moieties according to the Markovnikov rule. In carbon tetra¬ 
chloride in the presence of an initiator (AIBN) addition of DCT and TBT 
to styrene proceeds to form anti-Markovnikov adducts and a small amount 
of 1,2-dihalo derivatives (69ZC325) (Scheme 72). 

Reaction of DCT with cyclohexene in the presence of AIBN gives a mix¬ 
ture of rram-l-chloro-2-(3-chloro-l,2,4-triazol-l-yl)cyclohexane and 3- 
chlorocyclohexene-1 (69ZC325) (Scheme 73). 

CBT adds to olefins to give a mixture of 1- and 2-(2-chloroalkyl)benzo- 
triazoles with the 2-isomer [69JCS(C)1478] being the preferred formation. 
The rate of the reaction considerably depends on the nature of substituents 
in the double bond and decreases in the series (Fig. 8). 

Addition of CBT proceeds according to the Markovnikov rule, as proved 
by the dehydrochlorination of the adducts (formation of 1,1-disubstituted 
olefins 88 and 89 ) (Fig. 9). 

1,3-Butadiene forms the products of 1,2- and of 1,4-addition in approxi¬ 
mately equal amounts (Scheme 74). 

Addition of CBT to cis- and tram-butene-2 proceeds stereospecifically in 
the trails position to form corresponding threo and erythro isomers, which, 
after dehydrochlorination, yield the products 90 and 91 , respectively 
(Scheme 75). 


RNH 2 CBT*. rnhcI + RNH 3 BT" 
R=t-Bu, PhCH, 

Scheme 71 
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PhCH=CH 2 + DCT-► PhCHCH 2 Cl; R=H, Me, MeCO 

OR 

R 2 \ 

- D g,°r » ph CHC:H 2 -N + PhCHXCH 2 X 

4 ’ X N^ r ' 

X=C1, Br; r'=C 1, Br; R 2 =H, Br 
Scheme 72 



Scheme 73 


CH : -CH-OEt > CH 2 =CHPh > MeCHK’HMe 


0 


~ CH 2 =CHQ,H L! 


Fici. 8 




(89) 


Fig. 9 


ch 2 =ch-ch=ch 2 cb1 >• C1CH 2 CH=CHCH 2 BT 
Scheme 74 


C1CH,CH-CH=CH, 

I 

BT 
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trco ( a,b) 




erylhro(a.b) 
Scheme 75 


Addition of CBT to cyclohexene in benzene and methylene chloride is 
also highly stereospecific; a mixture of rra«5-l-chloro-2-(benzotriazol-l-yl)- 
and frans-l-chloro-2-(benzotriazol-2-yl)cyclohexanes 92 and 93 in 25 and 
40% yields, respectively, is formed (Fig. 10). 

In acetic acid the main reaction product is l-chloro-2-acetoxy derivative 
94 (52%), while the other above-mentioned compounds are formed in 3 
and 6% yields, respectively. 

Orientation of the addition, stereospecificity, and the dependence of the 
reaction rate on the nature of the substituents, as well as the absence of 
an induction period, proves that this process is an electrophilic addition 
of Cl + followed by the nucleophilic attack of benzotriazolyl anion 
[69JCS(C)1478], 

Ultraviolet radiation of a solution of CBT and cyclohexene in CH 2 C1 2 
considerably changes the ratio of adducts 92 and 93 (40 and 20%, respec¬ 
tively), showing that a competing radical process takes place. 

1-Bromobenzotriazole 38 and 1,4,5,6,7-pentachlorobenzotriazole 36b re¬ 
act with cyclohexane more vigorously to form the corresponding adducts 
[78JCS(P1)909], 

Reaction of CBT with alkenes was used as one convenient way to pre¬ 
pare /V-vinylbenzotriazoles (obtained by dehydrochlorination of the initial 
products [90JCS(Pl)485]).Thus, reaction of CBT with 5-trialkylsiloxypent- 
1-ene and with cyclopentene yielded a mixture of 95,96, and 97 (86T2985) 
(Fig. 11). 


Cl Cl Cl 

6 ” 6 ”" 6 " 


Fig. 10 
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(95) (96) (97) 

R=t-BuSiMe 2 

Fig. 11 


2,3-Dihydro-4W-pyran adds 7V-chlorobenzotriazole to the double bond 
to form stereoisomeric derivatives (racemates) (71JHC1031) (Scheme 76). 

A mixture of N-l and N-2 benzotriazolyl derivatives 98 and 99 was ob¬ 
tained by the addition of CBT to ethyl vinyl ether (94T6005) (Scheme 77). 

Treating 1-(morpholin-4-yl)cyclohexene with CBT in the presence of 
triethylamine yields bicyclo[3.1.0]hexane derivative 100 in 70% yield 
[94H(38)319]. Reaction proceeds through the formation of an intermediate 
chlorinated enamine and subsequent elimination of chlorine followed by 
the addition of benzotriazole (Scheme 78). 

Treating symmetric tricyclic cyanines with CBT yields trichloro deriva¬ 
tive 101, in which the multiple bonds are preserved (86MI1) (Fig. 12). 

7. N-Haloazoles as Oxidants 

A-Haloazoles, the sources of the positively charged halogens, may be 
used as soft oxidants of a series of organic substrates. For this purpose CBT 
and DCT are most widely used. 

a. Oxidation of Alcohols and a-Hydroxy Acids. Benzyl alcohol is 
oxidized with DCT in organic solvents (tetrachloromethane or ben¬ 
zene-pyridine mixtures) to give benzaldehyde as the main product. Some 
benzoyl chloride is also formed by the chlorination of benzaldehyde (see 
Section IV,B,5) (69ZC325). TBT reacts with benzyl alcohol in benzene to 



Scheme 76 



Sec. IV.BJ AROMATIC W-HALOAZOLES 49 



45% (98) 35% (99) 


Scheme 77 

yield a mixture of benzaldehyde and benzoyl bromide, while in water ben- 
zaldehyde and benzoic acid are formed (69ZC325) (Scheme 79). 

Oxidation of n-butanol with DCT yields a mixture of butyl butyrate and 
butanal. Isopropanol and cyclohexanol are oxidized with DCT andTBT to 
acetone and cyclohexanone, respectively. Under the same conditions a- 
hydroxypropanoic acid yields acetaldehyde (69ZC325) (Scheme 80). 

Analogous results were obtained on oxidation of benzyl alcohol, iso¬ 
propanol, and cyclohexanol with CBT [68JCS(CC)1305; 69JCS(C)1474]. 
Methylphenylcarbinol and diphenylcarbinol under these conditions form 
acetophenone and benzophenone, respectively. Oxidation of alcohols in or¬ 
ganic solvents is regarded as a radical chain process in which chlorine is the 
chain carrier [69JCS(C)1474] (Scheme 81). 

Oxidation of cyclohexanol, phenylmethylcarbinol, and benzyl alkohol 
with /V-bromobenzotriazole 38 proceeded to form cyclohexanone, ace¬ 
tophenone, and benzaldehyde. The yields in this case are lower than with 
CBT [78JCS(P 1)909]. 

Cetyl alcohol is oxidized with CBT in methylene chloride to form 
palmitic aldehyde in 10% yield, but after the addition of 25% pyridine the 
yield of aldehyde reached 80-90% (72MI1). Cyclobutanone was obtained 
in 72% yield by oxidation of cyclobutanol with CBT (72JCED108). 


n -n 

< BTH 

—A -/ -HC1 


0=0 

OC 


C Y—l/ \) 

// w 


Scheme 78 
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( 101 ) 

a. X=CMe 2 , Y=H; b. X=S, Y=H; c. X=CMe 2 , Y=C1 
Fig. 12 


PhCH 2 OH — » PhCHO 
I tbt.c 6 % „ p hCH0 

t—PhCHO 
Scheme 79 


PhCOCl 

PhCOBr 

PhCOOH 


C)IJl) 0)iC 5 H 7 COOC ,H y + C?H 7 CHO 
CH 2 CH(0H)C1C-► M%0 

a""- cr 

MeCH(OH)COOH -► MeCHO 

Scheme 80 

CBT-► BT + d 

Cl'+ RoCHOH-*• HC1 + R 2 ’cOH 

HC1 + CBT-► BTH + Cl 2 

R 2 COH + CI2-►R 2 C(OH)Cl + (5 

R 2 C(OH)Cl-► R 2 C=0 + HC1 

BTH + HC1-► BTHHC1 

(BT - benzotriazole-l-yl; BTH - benzotriazole) 
Scheme 81 
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Kinetic studies of oxidation of benzyl alcohols, phenylmethyl- and 
diphenylcarbinols, and a-hydroxyacids to the corresponding aldehydes and 
ketones were carried out by Indian workers [81JCS(B)898; 82IJC(B)42, 
82IJC(B)1095; 83IJC(A)292; 87M583; 90MI1J. 

Oxidation was performed in aqueous acetic acid in the presence or ab¬ 
sence of additives of strong mineral acids and chloride ions. CBT under 
these conditions may exist in an a-protonated form and act as an oxidant or 
it may give other oxidants with positively charged chlorine by reactions 
with the components of the reaction mixture. 

Oxidation of benzyl alcohols and arylmethylcarbinols [82IJC(B)42] are 
first order in oxidant, alcohol, and proton concentrations unless some cir¬ 
cumstances. The rate is described by Equation 2: 

M:[CBT]falcohol][H,0 + ] 

V 1 + k[H 3 O f ] ' (tq ' L) 

Equation (2) is in agreement with the scheme in which the acting oxidant 
is the protonated CBT or the products of its further transformations 
(H 2 OCl + , AcOCl, AcOHCE) (Scheme 82). 

In the presence of chloride ions the reaction order in CBT changes from 
first to second (Eq. 3): 

V - £| alcohol][CBT]’{CT |"' (Eq. 3) 

This fact may be explained by the formation of CEO as the possible oxi¬ 
dant (Scheme 83). 

An alternative explanation of (Eq. 3) involves the formation of molecu¬ 
lar chlorine and its participation in oxidation with the simultaneous partic¬ 
ipation of the second molecule of CBT as the proton acceptor (Scheme 84). 

In addition to CBT, benzotriazole and water may act as proton acceptors 
in the above-mentioned scheme. 

The rate constants of oxidation of benzyl alcohols correlate with the cr- 
constants of substituents in the phenyl ring (p = -4.5). This fact is consis¬ 
tent with the carbocation character of the transient state. 

Oxidation of diphenylcarbinol with CBT in aqueous acetic acid in the 
presence of perchloric acid yielded 4(7)-(chlorodiphenylmethyl)benzotri- 
azole 102 instead of the expected benzophenone [81IJC(B)898]. This un- 

CBT + H 3 Os=* CBTH + + H 2 0 

ROH + CBTH g %v » >=0 
Scheme 82 
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2 CBT + 2 H 3 0 + + 2 CtjO + 2 HC1 + 3 H 2 0 + 2 BTH 

Scheme 83 

usual result arises from the formation of an electrophilic diphenylcarboca- 
tion, which attacks the benzotriazole ring (Scheme 85). 

This scheme was confirmed by kinetic measurements showing the de¬ 
pendence of the reaction rate on the proton concentration and ionic 
strength and also by formation of diphenylcarbinol from bis(diphenyl- 
methyl)ether (Scheme 86). 

The rate of the reaction is described by Equation 4: 

R = fc[CBT][Ph 2 CHOH][H ' ] 2 (Eq. 4) 

The dependence of the rate constant of this reaction on the ionic strength 
shows that two cations take part in the rate-limiting stage. The isotopic ef¬ 
fect is insignificant (k H lk u 1.12). The reaction rate increases when electron- 
donating substituents are present in one of the phenyl rings of starting 
carbinol and decreases when it contains electron-accepting ones, but no 
Hammet correlation was observed. Addition of chloride ions to the reac¬ 
tion mixture causes the formation of chlorine, which also oxidizes diphenyl¬ 
carbinol. As a result a mixture of 4(7)-substituted benzotriazole 102 and 
benzophenone is formed. 

Benzophenone was obtained from diphenylcarbinol while using oxidants 
deactivated for electrophilic substitution, such A-chlorobenzotriazoles 36 
and 37. 

The kinetics of oxidation of fluorenol to fluorenone with CBT in aqueous 
acetic acid was studied [82IJC(B)1095] (Scheme 87). 

At constant acidity a second-order reaction is observed (first order in 
each component) (Eq. 5). The rate constants exhibit a Hammet correlation 
(p = -1.5), and a small isotopic effect is observed ( k H /k D 1.51): 

R = Ar 2 [fluorenol][CBT]. (Eq. 5) 


CBTH + Cli5=S- Cl 2 +BTH 
' Hj Cl^l 


/ ' 

0-H» *N 


Scheme 84 
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Ph 2 CHOH „ H » Ph 2 CH + H 2 0 

H H 



These facts agree with the carbocation character of the transition state 
and the cleavage of the CH bond in the slow step of the reaction 
(Scheme 88). 

The oxidation of cyclohexanol to cyclohexanone with CBT proceeds by 
an analogous mechanism (87M583). 

The kinetics of oxidative decaboxylation of mandelic acid, of substituted 
mandelic acids and of benzylic acid show the reaction is first order in both 
CBT and substrate, the reaction is pH dependent, and its rate increases on 
the addition of sodium chloride [83IJC(A)292] (Scheme 89). The rate¬ 
determining step is the reaction of mandelic acid with an oxidant (CBT or 
one of the products of its transformation). 

An alternative mechanism of oxidation of such alcohols [82IJC(B)42], 
which also agrees with the kinetics of reaction, includes the participation of 
the carboxyl function. It includes the formation of an intermediate acyl 
hypochlorite and the subsequent intramolecular or intermolecular cleavage 
to the final products (Scheme 90). 

The oxidation of a hydroxyl group with CBT in a highly strained poly¬ 
cyclic system 103 leading to formation of isoxazole ring and betaine struc¬ 
ture 104 is described (73JOC407) (Scheme 91). 

b. Oxidative Cleavage of Ethers. Ethers react with CBT in the presence 
of benzoyl peroxide on UV-irradiation or on heating to 50°C to form a mix- 

Ph 2 CHOCHPh 2 + H + M > Ph 2 CH + Ph 2 CHOH 
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H OH O 

R=H, 2-Br, 2-C1, 2-COOH, 2-N0 2 , 3-Br 


Scheme 87 



V 



+ co 2 


Ph 2 C(OH)COOH — » Ph 2 CO + C0 2 
Scheme 89 


ArCH(OH)COOH 


Ar-CH —C ^ 

fijs'o -c. 


E-Ci 

Jslowly 

► ArCHO + C0 2 + HC 
(or Cf + BH + ) 


Scheme 90 
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ture of aldehydes and alcohols. Reaction proceeds through the intermedi¬ 
ate formation of alkoxyalkenylbenzotriazoles (79AJC2787). The yields of 
aldehydes are 40-65% (Scheme 92). 

Dioxane under these conditions forms a mixture of ethylene glycol, gly¬ 
colic aldehyde, and glyoxal, isolated as 2,4-dinitrophenylhydrazones 
(79AJC2787). 

c. Oxidation of Amines and Other Nitrogen-Containing Compounds. The 
oxidation of N. N- d i m c t h y I be nzy I a m in e s with CBT is studied [76JCS 
(P1)741J. At the excess of amine the concentration of the reaction products 
containing active chlorine quickly decrease to 10-20% of the ini¬ 
tial content of an oxidant and then diminish very slowly. The nature 
of the active chlorine product was not established, but it may be N.N- 
dimethylbenzylchloroammonium ion, though all attempts to obtain such 
chloroammonium derivatives failed. The reactions are generally second 
order (the first one in CBT and amine). The main products of oxidation 
are 1- and 2-(/V-benzyl-/V-aminomethyl)benzotriazoles 105 and 1- and 2- 


r'ch 2 or 2 + cbt —►r'chor 2 - 3 ° - r‘cho + r 2 oh + 

N \ 

N 

R*=Me, Pr, Ph; R 2 =Et, Bu, Me. r'r 2 TGH 2 ) 3 -,-CH 2 OCH 2 CH 2 - 
Scheme 92 
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ArCH 2 NMe 2 + CBT -• 

ArCHNMe 2 + ArCH 2 NMe 2 

1 _ 


ArCH 2 NMe 2 + Cl' + BT 

-*> ArCHNMe 2 + ArCH 2 NHMe 2 

-► ArCH 2 NMe + ArCH 2 NHMe 2 


ArCHNMe 2 + BT 


ArCH 2 NMe + BT 
CH 2 * 



dimethylaminobenzylbenzotriazoles 106. The mechanism of their forma¬ 
tion, which coincides with the kinetic data, includes the initial formation of 
dimethylbenzylamine radical cation and its subsequent transformations 
(Scheme 93). 

The alternative mechanism of formation of compounds 105 and 106, 
which also agrees with the kinetic data, includes the formation of di- 
methyliminium ions 107 and 108 and subsequent addition of benzotriazo- 
late anion (Scheme 94). 

In the course of oxidation of l,4-diazabicyclo[2.2.2]octane and A l,N,N'N'- 
tetramethyl-l,4-diaminobenzene with CBT under the analogous conditions 
aminium radicals were traced by EPR. 

The final product of oxidation of diazabicyclooctate is l,4-bis(benzotri- 
azolylmethyl)piperazine 109 [76JCS(P1)741] (Scheme 95). 

ArCH 2 NMe 2 + CBT ,—» ArCH=NMe 2 + BT + HC1 

(107) 

I-► ArCH 2 NMe + BT + HC1 

CH 2 

(108) 

107 + BT' -► 105 

108 + BT' -► 106 

Scheme 94 



Sec. IV.B] 


AROMATIC iV-HALOAZOLES 


57 


ch 2 bt 



ch 2 bt 

(109) 


Scheme 95 


Tri-«-butylamine is oxidized with DCT in water to form a mixture of 
dibutylamine and butanal (69Z325) (Scheme 96). 

Kinetic studies of oxidation of a-amino acids (arginine, treonine, and glu¬ 
tamic acid) with CBT, leading to nitriles in 90% yields, were carried out in 
aqueous acetic acid in the presence and absence of perchloric acid and chlo¬ 
ride ions [87JCS(P2)1569] (Scheme 97). Reaction rate decreases with the 
increase in the acidity of the medium and increases with the increase in the 
concentration of chloride ion. Under the studied conditions amino acids ex¬ 
ist in a protonated form, and the complex formed by protonated CBT and 
the chloride ion acts as an oxidant. The mechanism of the reaction, which 
coincides with the kinetic data, includes initial slow chlorination of the 
amino group followed by subsequent formation of (V./V-dichloramino 
derivatives and their transformations to the final reaction products 
(Scheme 98). 

Oxidation of phenylalanine with DCT and TBT in water yields phenac- 
etaldehyde (69ZC325) (Scheme 99). 

Oxidation of A^A'-disubstituted thiourea and guanidines yields carbodi- 
imides (74YGK727; 76YGK499) (Scheme 100). 

Oxidation of heterocyclic amino derivatives yields various reaction prod¬ 
ucts depending on the structure of the amine. 4-Benzylamino-3-methyl-4T/- 
1,2,4-triazole is oxidized with DCT in chloroform to give the azomethine 
derivative 110 (69ZC325). l-Amino-4,5-diphenyl-l,2,3-triazole under the 
action of CBT forms diphenylacetylene; 2-aminobenzotriazole yields cis, 
cw-l,4-dicyanobuta-l,3-diene; and 1-aminobenzotriazole yields a mixture 
of chlorobenzene and o-dichlorobenzene. Oxidation of 1-aminobenzotri¬ 
azole in the presence of tetraphenylcyclopentadienone leads to 1,2,3,4- 
tetraphenylnaphthalene via benzyne intermediate [68JCS(CC)1305; 
69JCS(C)1474] (Scheme 101). 


(C 4 H 9 ) 3 N -5S-*. (C 4 H 9 ) 2 NH + n-C3H 7 CHO 


Scheme 96 



RCH(NH 2 )COOH + 2 CBT -*- RCN + C0 2 + 2 BTH 

h 2 n v 

R= 'c-NH(CH 2 ) ? - , MeCH(OH)-, HOOC(CH 2 ) 2 - 

HN ' 

Scheme 97 


RCH(NH 2 )COOH + [CBTH + ..Crj 


OC-OH 


slow ~ » RCHCOOH 
NHC1 

. RCN +■ C0 2 + HC1 
Scheme 98 


COOH , 
I / 
R-C-j-N 


PhCH 2 CH(NH 2 )COOH - 

Scheme 99 


X=S, NH, R=i-Pr, t-Bu, cyclohexyl 
Scheme 100 


N-N - 

LK 


N-N 

LK, 


N=CH Ph 
(HO) 


Ph—C=C —Ph 
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4,5-Diphenylpyrazolidin-3-one is oxidized with CBT to form trans- 
stilbene [69JCS(C)1474] (Scheme 102). 

Oxidation of phenylhydroxylamine with CBT leads to nitrobenzene 
[69JCS(C)1474], 

Aldoximes are easily oxidized with CBT under mild conditions to form 
nitrile oxides and furoxanes (90SC1373) (Scheme 103). 

When the molecule of oxidated compound containes the oxime group 
and a C=C double bond in a configuration suitable for cycloaddition, a 
product with isoxazolone ring (111) is formed (90SC1373) (Scheme 104). 

Kinetic studies of oxidation of acetophenone oximes with CBT in aque¬ 
ous acetic acid were carried out (86M11). The main reaction products are 
acetophenones. The scheme of oxidation, complying with the kinetic data 
and the effects of the acidity of the medium and the addition of chloride 
ions, proposes that the attack of positively charged chlorine on the oxime 
group nitrogen is the rate-limiting stage, followed by the fast transforma¬ 
tion of the carbocation formed (Scheme 105). 

Hydrazo compounds are oxidized with DCT (79ZC325) or CBT 
[68JCS(CC)1305; 69JCS(C)1474] to form the corresponding azo derivatives 
(Scheme 106). 

Reaction of CBT with benzophenohydrazone is complex 
[78JCS(P1)905], Three moles of CBT per 1 mole of hydrazone are needed 
to complete the reaction. The first reaction product is diphenyldi- 
azomethane, which was not traced in the reaction mixture because of the 
fast reaction with the second molecule of CBT leading to benzotriazolyl 
diphenyl methyl chloride 112. The latter reacts with the third molecule of 
CBT either (a) through formation of triaryl carbocation and the subse- 

R-CH=NOH CBT 0 CH2C ' 2 > - R -C =N -6 

| 20 A min R=2,4,6-Me 3 C 6 H 2 , 2,6-CI 2 C 6 H 3 

r + ,] _ /tt r 

[r-c=n-oJ -► N " V 

'o' "o 


R=Ph, 4-CIC 6 H/|, 4-CF 3 C 6 tL, 
Scheme 103 
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quent evolution of chlorine or (b) alkylation of CBT leading to a mixture 
of stable dibenzotriazolyl diphenyl methane 113 and unstable cyclohexa- 
dine 114 (Scheme 107). 

Formation of intermediate chloro derivative 112 was confirmed by its hy¬ 
drolysis to benzophenone and alcoholysis to corresponding dimethyl ketal. 
Reaction of CBT with diazomethane resulting in formation of 1- and 2- 
chloromethylbenzotriazoles also confirms the proposed reaction scheme. 

/V-tm-Butyl-a-phenylnitrone 115 reacts under thermal or photochemical 
acivation to form a mixute of benzotriazole and its hydrochloride Z- and E- 
O-benzoyl oximes 116 and 117, rerf-butylbenzamide 118, benzaldehyde, 
benzotriazolylphenyloxime 119, and bis(fe/-f-butyl)aminoxyl [96JCS(P2) 
1297] (Scheme 108). 

Reaction is catalyzed with benzotriazole. Performing the reaction in EPR 
spectrometer ampule permitted to trace isomeric benzotriazolyl spin 
adducts 120 and 121. The latter transform to aminoxyl radical 122. Under 


ArC=NOH +CBTH 


Scheme 105 
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the large excess of CBT chlorine-containing adduct 123 is formed, which 
further converts to 120 and 122 (Scheme 109). 

The mechanism of formation of 120 and 121 proposes the initiation of the 
process by the addition of benzotriazole (containing in trace amounts in 
CBT) to nitrone 115. Obtained hydroxylamine derivative 124 is easily oxi¬ 
dized to give the radicals 120 and 121 (Scheme 110). 

Under photochemical initiation the activated nitrone 115 reacts with 
CBT to form chloro-containing adduct 123. 

The other sources of adduct 123 may be the addition of Cl, formed under 
photochemical decomposition of CBT, to nitrone 115 or the addition of 
HC1 to the same compound followed by oxidation of adduct (Scheme 111). 

Transformation of adduct 123 to the radicals 120 and 121 may proceed 
through nucleophilic substitution of chlorine. Reaction of compound 123 
with nitrone 115 may possibly yield acylaminoxime 122 and benzylidene de¬ 
rivatives 120 and 121, which give rise to formation of benzaldehyde and 
amide 118. Compounds 116,117, and 119 are formed by oxidation of adduct 



(124) 


BT + H-C— 

I 

(solvent) 


- B1 
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Scheme 111 


120 and the subsequent transformations of the obtained products (Scheme 

112 ). 

Formationof 2,3,5-triaryltetrazolium salts takes place in the reaction of 
1,3,5-triarylformazans with CBT [94H(39)73], Reaction obviously proceeds 
via intermediate /V-chlorotriarylformazans (Scheme 113). 

Oxidative amination of 2-phenylindole and l-hydroxy-2-phenylindole 
with aromatic amines under the action of CBT [86JCS(P1)607] leads to 3- 
arylimino-3/y-indoles. In the case of iV-hydroxyindole the reaction is ac¬ 
companied by the formation of isatogen and dimerization products 
[70AC(R)779; 86JCS(P1)607] (Scheme 114). 

Comparison of the products obtained by oxidation with CBT and the 
results of electrochemical oxidation of a mixture of 2-phenylindole with 
arylamines permits speculation that amination probably proceeds through 
formation of nitrenium cation from IV-chloramine [86JCS(P1)607] 
(Scheme 115). 

d. Oxidation of Halogen-Containing Compounds. Reaction of CBT 
with iodocubane yields 2-cubylbenzotriazole (86TL6055) (Scheme 116). N- 
chloro, A-bromo-, and IV-iodobenzotriazoles react with methyl iodide to 
give the products of mono- and dialkylation on the ring heteroatoms ac¬ 
companied by formation of unsubstituted benzotriazole and iodine 
(95ZOR1231). In the reaction of CBT with methyl iodide formation of N- 
iodobenzotriazole 39 is observed in addition to the above-mentioned prod¬ 
ucts. Compound 39 is consumed in subsequent transofrmations. Reaction 
rate decreases in the series: N-Cl->N-Br->N-J-benzotriazoles. Proposed 
reaction scheme induces the ofrmation of an intermediate, containing 
trivalent iodine and its subsequent cleavage in several directions (Scheme 
117). 


120 


PhCIIO^ 


BT. 

Ph" 


N. ? H 

'O-CH-Ph 


120 


Scheme 112 
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Scheme 114 


ArNH 2 + CBT -»- ArNHCl -► ArNH + Cl 


Scheme 115 
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Scheme 116 


iV-chloro-1,2,4-triazole 43 reacts with methyl iodide in the same manner. 
Formation of iodine and a mixture of iV-unsubstituted 1,2,4-triazoles, iso¬ 
meric yV-alkyltriazoles, iV-iodotriazoles, 1,4-dimethyltriazolium salts, and 
the products of their further transformations is observed (94ZOR1398; 
95ZOR113, 95ZOR1227). It is proposed that, similarly to iV-halobenzotri- 
azoles, formation of an intermediate trivalent iodine compound and its sub¬ 
sequent cleavage to the reaction products takes place (Scheme 118). 

yV-chloro-4-nitroimidazole 28 also enters the reaction with methyl iodide. 
In this case the main reaction product is 4-nitroimidazole (80% yield). Iso¬ 
meric yV-methylimidazoles and l,4-dimethyl-4-nitroimidazolium tri¬ 
iodide are the minor products (5-6%) (97ZOR1847) (Scheme 119). 

It is possible that an analogous redox mechanism takes place in the reac¬ 
tion of CBT with trityl chloride. The process results in the evolution of chlo¬ 
rine and the formation of 1-tritylbenzotriazole [78JCS(P1)905]. 

8. Reaction of N-Haloazoles with Sulfur-Containing Compounds 

iV-Haloazoles react with various sulfur-containing compounds such as 
oxidants and halogenating and hetarylating agents, converting sulfur to the 
higher degrees of oxidation. The reported data mainly deal with the reac¬ 
tions of CBT and only some examples concern DCT and TBT. 

Thiophenol is oxidized with DCT or TBT to diphenyl disulfide. The lat¬ 
ter reacts with DCT under more rigid conditions to give benzyl chloride. 
DCT oxidizes dibenzyl sulfide in methanol to dibenzyl sulfoxide (69ZC325) 
(Scheme 120). 


CBT + Mel 



!!©> 


c 


Scheme 117 
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43 (a-e) 

a. r'=R 2 =H 

b. r ! =no 2 , r 2 =h 

c. R=N0 2 , R 2 =Mc 

d. r'=R 2 =C1 

e. R'=C1, R 2 =Mc 






,AJ 






CBT oxidizes dialkyl sulfides to sulfoxides in high yields (70-98%) at 
-70°C in methanol or methylene chloride [69JCS(CC)365] (Scheme 121). 

Contrary to DCT, reaction of CBT with diphenyl sulfide is not smooth. 
Benzyl chloride, dibenzyl disulfide, and some unidentified products were 
obtained. In the case of di-tert-butyl sulfide the formation of oxidation 
products was not observed [69JCS(CC)365], 

Oxidation of unsymmetrical sulfides, such as 125, to the corresponding 
optically active sulfoxides with CBT is high enantioselective, for example, 
in the synthesis of (S)-(-)-BOF-4272 126a, a xantine dehydrogenase in¬ 
hibitor. Reaction proceeds in DMF in the presence of 4-cyanopyridine and 
a chiral alcohol (96TA2991) (Scheme 122). 

Oxidation of 125 with IV-bromobenzotriazole yielded sulfone 127. Inter¬ 
mediate sulfonium nitrate 128 was isolated. Its thermal transformation to 
sulfoxide proceeds with preservation of configuration in compound 126a, 
and alkaline hydrolysis causes the inversion (compound 126b) (Scheme 
123). 

In some cases primary products of the reaction of dialkyl and diamino 
sulfides with CBT were traced in solutions. These ionic or covalent deriva¬ 
tives of tetracoordinate sulfur are convenient intermediates for the prepa¬ 
ration of alkoxy- and aminosulfonium salts and sulfoxides [72TL501; 



Scheme 119 
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75JCS(CC)868; 76BCJ601; 78JOC652; 80BCJ435; 82MI1] and SR 2 group 
carriers (78LA1754) (Scheme 124). 

An example of the intramolecular formation of the S-N bond leading to 
thiazolidine-1-oxide on the treatment of aminoalkyl disulfides with CBT is 
presented (90JOC4156) (Scheme 125). 

It is also reported (90TL1019) that oxidation of sulfide 129 with CBT 
results in the formation of dichlorobenzothiazocyne with hexa- (com¬ 
pound 130) and penta-coordinated sulfur atom (compound 131) (Scheme 
126). 

CBT reacts with sulfur to form bis(benzotriazolyl) sulfide in which ben- 
zotriazole is easily substituted by amine moieties (86ZOR100) (Scheme 
127). 

Reaction of CBT with thiol esters results in their cleavage and the for¬ 
mation of IV-acetylbenzotriazole 132 (77CL1095). Sulfinamides 133 react 
with CBT in the presence of sodium benzoate to give benzotriazolylsulfin- 
imides 134 [72JCS(CC)151] (Scheme 128). 

Oxidation of p-toluenesulfinic acid with CBT yields tosylsulfonylbenzo- 
triazole and tosyl chloride (83CPB1374) (Scheme 129). 

Oxidative cleavage of the C-S bond takes place while treating steroid 
thioacetals 135 with CBT. As a result ketones 136 are formed 
[71JCS(CC)750] (Scheme 130). 

Reaction of penicillin esters 137 with CBT causes the cleavage of thia- 
zolidine ring to form olefins 138 via intermediate benzotriazoyl deriva¬ 
tives. With excess CBT the olefins 138 are formed directly (72CCA423) 
(Scheme 131). 


R '\ s CBT/MeQH ^ 0 

R 2/ -78° R 2 ^ 

R=Me, R 2 =Ph; r',R 2 =(CH 2 ) 3 , (CH 2 ) 4j (CH 2 ) s ; 
R=Me, R 2 =C 6 H 4 -NHCOMe (n) 
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9. Reaction of N-Chlorobenzotriazoles with 

Organoelement Compounds 

Arylselenium chloride reacts with CBT to form tetracoordinate sele¬ 
nium derivative 140 through the addition of chlorine and benzotriazolyl 
moiety (81ZOR529) (Scheme 132). 

Diallyl selenide reacts with 2 moles of CBT to form bis(benzotriazol-l- 
yl)selenide (92TL2129). Reaction proceeds via the intermediate allyl ben¬ 
zotriazolyl selenide (Scheme 133). 

Diaryl tellurides 141 react with CBT to form adducts 142 (79ICAL99) 
(Scheme 134). 

Triphenyl(allyl)lead reacts with CBT to give the product of substitution 
of allyl group by benzotriazolyl moiety [79IJC(A)355] (Scheme 135). 


COOR 
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Scheme 131 
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Scheme 136 


10. Miscellaneous 

Nitration of 1,2,4,5-tetraiodoimidazole proceeds as the consecutive sub¬ 
stitution of iodine by nitro groups in positions 5,2, and 4 and by hydrogen 
in position 1 (70KGS664; 78MI2) (Scheme 136). 

1-Nitrobenzotriazole was obtained by treating CBT with trimethyl 
phosphite-silver nitrate complex (82S844) (Scheme 137). 


V. Applications 

/Y-Haloazoles (especially A'-chlorobenzotriazole) are widely used in or¬ 
ganic synthesis as chlorinating agents and oxidants (see Section IV). Ox¬ 
idative properties of CBT were used in analytical chemistry for quantitative 
determination of sulfur-containing compounds (90MI2; 91TAL1427), espe¬ 
cially of cephalosporine, ampicillin (94MI1), and phenothiazine derivatives 
(94MI2). 

Addition of 10' 6 -10' 5 mole of CBT in the electrolyte greatly changes the 
structure and morphology of layers in electrocrystallization of copper 
(87MI1). 

Addition of CBT and other A-chloro compounds increases the stability 
of photographic materials on handling and protects them from reducing 
agents (73GP2162207; 78GP2725743; 80JPP79/63827, 80JPP79/95251; 
85GP3413121; 87MIP1; 93JPP04/294345; 96JPP08/36249). 

The use of CBT and other N-chloro compounds for preventing the de¬ 
struction of cellulose and starch in the presence of spoilage enzymes such 
as cellulase and lipase is patented (91EP404374). 

CBT ^ h Oc> 

no 2 


Scheme 137 
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I. Introduction 

The Dimroth rearrangement is an isomerization process whereby exo- 
and endocyclic heteroatoms are translocated on a heterocyclic ring. It is 
also considered to be amidine rearrangement. Unexpected products may 
form and the possible occurrence of rearrangement should be kept in mind 
whenever nucleophilic substitutions on those heterocycles are studied. 
There are only a few examples of retro-Dimroth rearrangement. This re¬ 
arrangement may be classified into two main types, shown in Scheme l.The 
translocation of heteroatoms in the first type can be between two rings of a 
fused system by three possible pathways: (a) an exocyclic heteroatom (F*) 
of a ring becomes endocyclic, (b) a heteroatom in a five-membered ring 
(N*) changes its location on the other ring, or (c) one of the heteroatoms of 
a five-membered ring (G) becomes a substituent on the other ring and the 
other two heteroatoms of the same ring become a part of another five- 
membered ring on cyclization. In (c) changes are promoted by the presence 
of an amino, hydroxy, or thiol group (X*H) at the ortho position of the het¬ 
erocyclic ring; this group can then be incorporated to the new ring on recy- 
clization after ring fission. In (b) the presence of a heteroatom within the 
five-membered ring at the exocyclic position of the other ring is a promot¬ 
ing factor for the rearrangement. The second major type involves the 
translocation of exo- and endocyclic heteroatoms on a single heterocyclic 
ring, an exoannular rearrangement, the mechanism of which has been stud¬ 
ied since the early work on the subject. The rearrangement led to a translo¬ 
cation of the starred heteroatom. 

The Dimroth rearrangement can be catalyzed by alkali, acid, heat, or 
light. Several factors may influence such a rearrangement (80PAC1611). 
Thus, progressive azasubstitution in the ring leads to more facile nucle¬ 
ophilic attack at position 5 of the bicyclic system, an observation supported 
by MO calculations (71JHC643). Electron-withdrawing groups facilitate 
the ring-opening process. The pH of the solution affects the rate of re¬ 
arrangement (77AJC2515).The thermodynamic stability of the rearranged 
bicyclic compound also affects the transformation. 
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Type 1 : Translocation of heteroatoms within rings of fused systems 
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Type 2: Translocation of exo- and endocyclic heteroatoms in 
a heterocyclic ring 



Scheme 1 


This rearrangement dates back to 1888 (1888CB867), but the second 
report was only in 1909 (09LA183). Subsequent reports (55JCS1858, 
55JCS4035) recognized this rearrangement to be a general phenomenon in 
heterocyclic chemistry, particularly in the pyrimidine series. Since 1963, it 
has been termed the Dimroth rearrangement (63JCS1276). It should be 
noted that this rearrangement is different from the Dimroth reaction 
(71MIl).Two reviews have been published on the Dimroth rearrangement 
(68MI1; 69ZC241). Examples of the second type of rearrangement 
(Scheme 1) were at the beginning much more numerous than the first. Re- 
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views also address particular examples of heterocycles (74AHC33) such as 
aminoazoles (84CHEC94) and 1,2,3- and l,2,4-triazolo[x,y-z]pyrimidines 
[98AHC(57), 99AHC(127)].This chapter reviews the subject from 1967 to 
1995 (Chemical Abstracts volumes 67 through 123). However, some older 
references are also given to emphasize the scope of the subject. 

This chapter is divided into two main sections. The first includes the 
translocation of heteroatoms between rings of fused systems and the sec¬ 
ond includes the translocation of exo- and endocyclic heteroatoms within 
ring types 1 and 2 in Scheme 1. Each section is further divided according to 
the number and arrangement of heteroatoms in the ring. 


II. Translocation of Heteroatoms within Rings of Fused Systems 

This rearrangement is of potential value for the improved synthesis of 
heterocyclic compounds, which may otherwise be synthesized by more 
elaborate ways. It was considered in an earlier review (68M11) as a possible 
Dimroth rearrangement, but then was further reported as a true Dimroth 
rearrangement. The fused heterocycles that undergo such translocation of 
heteroatoms are characterized by having a five-membered heterocyclic ring 
as one of its components. This rearrangement is classified according to the 
nature of the five-membered ring and whether it contains two or three 
heteroatoms and then subdivided according to the relative arrange¬ 
ment of these atoms. Only a relatively few examples are reported for py- 
razolo and imidazo heterocycles compared to their 1,2,4-triazolo analogs 
(80PAC1611). 

Dimroth rearrangement of the N-atoms in the five-membered ring of 
several polyazaindolizines [59JOC787; 60JCS1829; 63JCS1276, 63JCS1284, 
63JCS56412; 66CB2237, 66JCS2038, 66JOC265; 68JHC485, 68MI1: 
69BSF2492.69BSF3670;70JCS(CC)1524,70JHC1019] depends on covalent 
hydration that occurs at positions 5, 7 (65JA1980), or 8 [70JCS(CC)1524], 
Calculation of the electron densities of a number of pertinent polyazain- 
dolizine systems allows their classification according to their electron den¬ 
sities at position 5. Thus, an aza group at positions 6 or 8 renders the 5-po¬ 
sition more electrophilic, while at position 7 it has no effect. Moreover, an 
extra N-atom at position 2 decreases the 77 -electron density at position 5 
more than an N-atom at position 3 (71JHC643). 


A. Rearrangement of Imidazo Heterocycles 


2-Phenylimidazo[l,2-fl]pyridine did not rearrange to 3-phenylimidazo 
[1,2-njpyridine under alkaline conditions (60JA3147). However, when the 
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imidazo[ 1,2-«]pyridine was activated by a nitro group at positions 6 or 8 
as in 1 or 2, Dimroth rearrangements take place in aqueous basic media 
to give 4 and 5, respectively (73JHC755). Similarly, imidazopyridinyl- 
methylphosphonium salt 6 was obtained on rearrangement of 3 (75LA1934) 
(Scheme 2). 

A method for activation is the introduction of an additional nitrogen 
atom into the six-membered ring, as, for example, in the imidazo[l,2- 
ajpyrazine, imidazo[l,2-a]pyrimidine (7), or imidazo[l,2-c]pyrimidine (10) 
systems. Because of its electron-withdrawing property, the extra aza group 
of the last two systems activates the 5-position for base-catalyzed Dimroth 
rearrangement. 

When 3-methylirnidazo[l,2-a]pyrimidine (7; R=Me, R'=R 2 =R 3 =H) 
was heated in aqueous 1% sodium hydroxide, it rearranged to 2-methylim- 
idazo[l ,2-a]pyrimidine (9; R=Me, R'=R 2 =R 3 =H). Similarly 3,5-dimethyl- 
and 3,7-dimethylimidazo[l,2-a]pyrimidine rearranged to the corresponding 
isomer 9. On the other hand, 3-methyl- or 2-methylimidazo[l,2-a]pyrazines 
failed to rearrange under the same conditions. 3-Methylimidazo[l,2- 
cjpyrimidine (10; R 1= R 3 =H, R 2 =Me) rearranged to 2-methylimidazo 
[l,2-c]pyrimidine (10; R'=Me, R 2 =R 3 =H) about 130 times faster than 
3-methylimidazo[l,2-«]pyrimidine. The few rearrangements attempted 
with acidic media were unsuccessful. Thus, 3-methylimidazo[l,2-a]pyridine 
in 10% aqueous HC1 and 3,7-dimethyl-5-oxo-8//-imidazo[l,2-a]pyrimidine 
in formic acid were unchanged after 24 h at 90°C. In the case of imidazo[l ,2- 
a]- or [l,2-e]pyrimidines, the mechanism is further complicated by the pos¬ 
sibilities of 1,4-addition and tautomerism. The kinetic results are best ex¬ 
plained by an initial rate-determining attack at position 5 by hydroxide ion. 
The driving force for this first step is electronic in nature, since it is depen¬ 
dent on the electrophilicity of position 5. On the other hand, the formation 
of hydrated intermediate 8a should relieve the steric interaction between 
groups R and R 1 (71JHC643) as a consequence of the change in hybridiza- 


R5 



1 R1 = R5 = H, R 4 = N0 2 

2 R 1 = R 4 = H, R5 = N0 2 + 

3 R3 = R4 = R 5 = H, R2 = CH 2 PPh 3 Br 



4 R 1 = R 5 = H, R 4 = N0 2 

5 Rl = R 4 = H, R 5 = N0 2 + 

6 R 3 = R 4 = R 5 = H, R 2 = CH 2 PPh 3 Br 
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tion of carbon-5 upon hydration; this stabilizes 8a and 8c compared to 7 and 
9, respectively. Following hydration, the six-membered ring undergoes tau¬ 
tomeric ring opening to intermediate 8b, which cyclizes and dehydrates to 
give 9. The fission of the 4-5 bond is more likely to occur in 8a rather than 
in 8c because of the residual interaction between the 3 and 5 substituents. 
This is in agreement with the increase in rate found on passing from 
3-methyl- to 3,5-dimethyl imidazo[l,2-a]pyrimidines and from 3,7- 
dimethyl - to 3,5,7-trimethylimidazo [l,2-a]pyrimidines. Moreover, the larger 
the interaction between the groups, the more the equilibrium is shifted 
toward 9. 2-Methylimidazo[l,2-a]pyrimidine (9; R=Me, R 1= R 2 =R 3 =H) 
and 2,7-dimethylimidazo[l,2-a]pyrimidine (9; R=R 2 =Me, R 1= R 3 =H) are 
thus predicted to be more stable than the isomeric 3-methylimidazo 
[l,2-n]pyrimidine and 3,7-dimethylimidazo[l,2-a]pyrimidine, respectively 
(71JHC 643). 

Methyl substituents are known to slow down the rate of ring opening. 
Thus, a retarding effect of a 7-methyl substituent in the rearrangement of 
the imidazo[l,2-a]pyrimidine system was found (71JHC643). The exis¬ 
tence of a peri-interaction between two substituents, at positions 1 and 8 
or at 3 and 5, has been established in polyazaindolizine systems. The re¬ 
arrangement was also observed in imidazopyrimidylmethyl phosophonium 
salt 7 (R'=R 2 =H, R=CH 2 P + Ph 3 Br") and 10 (R 2 =CH 2 P + Ph 3 Br\ R 3 =OH) 
to give the Dimroth products 9 (R I =R 2 =H, R=CH 2 P + Ph 3 Br) and 10 
(R 1 =CH 2 P + Ph 3 Br , R 3 =OH), respectively (75LA1934) (Scheme 3). 



H 

10 9 8c 

Scheme 3 
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B. Rearrangement of Pyrazolo Heterocycles 

The pyrazolo[l,5-a]pyrimidine 11 underwent a pyrimidine ring open¬ 
ing and then recyclization when heated with aqueous alcoholic alkali to 
give pyrazolo[3,4-b]pyridine 12. Similarly, 2-hydroxy-5,7-dimethylpyrazolo 
[1,5-tfJpyrimidine rearranged to 3-hydroxy-4,6-dimethyl[3.4-/)]pyridine 
(94MI1). The presence of the nitro group in 11 is necessary in the open- 
chain monocyclic intermediate in order to proceed to the pyrazolopyridine 
ring, which otherwise recyclizes back to the starting compound 11 due to 
the more nucleophilic character of the C4 of the pyrazole ring than the ni¬ 
trogen atom at position 1 (Scheme 4). 

C. Rearrangement of 1,2,3-Triazolo Heterocycles 
1. 1,2,3- Triazolopyridines 

The Dimroth rearrangement of mono- and diamino-l//-l,2,3-triazolo 
[4,5-c]pyridines 13 to mono- and diamino-3//-l,2,3-triazolo[4,5-h]pyridines 
16 took place in ethanolic ammonia and involves diazo-type intermediates 
14 and 15 (72JOC3601; 73JOC1095). The thermodynamic stability of 16 is 
greater than that of 13 in the presence of ammonia since treatment of 16 
with ethanolic ammonia gave no rearrangement (Scheme 5). 



12 
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Scheme 5 


The rearrangement of 1,2,3-triazolopyridinethione 17 to amino-1,2,3- 
thiadiazolopyridine 19 suggested that opening of the triazole ring to in¬ 
termediate 18 is controlled by the electron-withdrawing effect of the 
substituent on the pyridine ring (HNCS or NCSH > NCNH 2 ). Opening of 
the thiadiazole ring of 19 with base gave the electron-donating anion of 
the pyridinethione intermediate, which favored triazole ring formation 
(72JOC3601). On the other hand, when 20 was heated in ethanol, it re¬ 
arranged to 22 presumably via 21. Treatment of 22 with aqueous NaOH in 
ethanol reversed the rearrangement to give 20 (72JOC3601) (Scheme 6). 

2. 1,2,3-Triazolopyrimidines 

Heating a solution of triazolopyrimidine 23 in dimethylacetamide 
(DMAC) gave mainly the rearranged product 24 and traces of unchanged 
23 while under the same condition 24 gave the unchanged 24 and a trace of 
the rearrangement product 23 [72JCS(CC)52], The rearrangement into 24 
depends on the temperature and basicity of the solvent because different 
percentages of 24 were obtained. In boiling pyridine the isomer mixture 
was not at equilibrium and gave 24 and traces of 23. The rearrangement in 
pyridine proved to be irreversible; heating 24 at reflux in this solvent for the 
same period of time did not give 23. Presumably this rearrangement in¬ 
volves a 5-diazo pyrimidine intermediate which favors ring closure to the 
amino group of greater nucleophilicity. However, attempted trapping of 
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this intermediate was unsuccessful. When a solution of 23 in dibutylamine 
was heated, no rearrangement to 24 was observed and this suggested that 
the anion of 23 underwent rearrangement less readily than 23 itself, i.e., the 
amount of rearrangement decreased as the concentration of the anion of 23 
increased. Although, this result suggested that the rearrangement of 24 to 
23 might be favored by a strong base and anion formation, no rearrange¬ 
ment was observed when a solution of 24 was heated in dibutylamine 
(Scheme 7). 

When 7-hydroxy-l,2,3-triazolo[4,5-r/]pyrimidine (25) and its 3-benzyl de¬ 
rivative were thiated by phosphorus pentasulfide, they gave 7-amino (and 
benzylamino)thiazolopyrimidine (26), respectively, instead of the expected 
7-mercapto isomer 27 [67JCS(C)1856]. The thermal rearrangement of the 
benzylated isomer reaches an equilibrium point which favors the thiazolo 
isomer. The rates for such equilibration in a series of analogs of 7-mercapto- 
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3-phenyltriazolopyrimidine 27 and 7-anilinothiazolopyrimidine 26, having 
a variety of para substituents, decrease as the electron-withdrawing power 
of the aryl group increases due to the effect of the aryl group on the rup¬ 
ture and/or formation of the 2-3 bond in 27 or its isomer 26. The aryl group 
is so far from this bond in 26 that the energy of interaction between the two 
is probably minimal and unaffected by the change in R. In contrast, the aryl 
group must strongly affect the polarization of the 2-3 bond in isomer 27, 
and increasing electron withdrawal by R should favor isomer 26 at equilib¬ 
rium (Scheme 8). 

A reversible Dimroth rearrangement was found on heating 1,2,3- 
triazolopyrimidine 28; isomer 29 was obtained. Reformation of 28 from 
the latter by heating with piperidine in ethanol was also observed 
[73JCS(P 1)943] (Scheme 9). 

3. 1,2,3-Triazolotriazines 

The diazotization of 5-amino-4-carbamoyl-l-(a-styryl)-l,2,3-triazole (30) 
gave 5-phenyl-1.2,3-triazolo[l,5-fr][l,2,4]triazine-3-carboxamide (32) as a 
result of rearrangement of the initially formed 7-phenyl-l,2,3-triazolo[5,l- 
c][ 1,2,4]triazine-3-carboxamide (31). Compound 32 is favored thermody¬ 
namically and its structure was confirmed by an X-ray crystallographic 
study (88BSB179) (Scheme 10). 
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D. Rearrangement of 1,2,4-Triazolo Heterocycles 

Various fused heterocyles which have five-membered rings of the 1,2,4- 
triazole type are reported to rearrange. This type is important because of 
the facility of the rearrangement, to an extent that the expected initial prod¬ 
ucts of cyclization often cannot be isolated. 

1. 1,2,4-Triazolopyridines 

2-Hydrazinopyridine derivatives 33 undergo cyclization to 1,2,4-triazolo- 
[4,3-n]pyridines 34 when boiled in formic or other carboxylic acids. Com¬ 
pounds 34 rearranged in a basic medium to give the l,2,4-triazolo[l,5-«]- 
pyridines 36. Such rearrangement was facilitated by the presence of 
electron-attracting groups such as the nilro group on the 3-position of the 
pyridine ring (66JOC265; 90JHC1649). The rearrangement most likely in¬ 
volves an initial hydroxide ion attack at the C-5 position to yield interme¬ 
diate 35, which then undergoes ring closure at N-l, a more basic site than 
N-4 in the 1.2,4-triazole anion. The stability of this anion is the controlling 
factor in the rearrangement (66JOC265) (Scheme 11). 
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2. 1,2,4-Triazolopyrimidines 

Isomerization of various types of 1,2,4-triazolopyrimidines occurs 
smoothly; heat alone is sufficient.This extreme ease can be attributed to the 
increase in the electron deficiency at the C-5 center owing to the second ni¬ 
trogen atom of the pyrimidine ring. 

a. 1,2,4-Triazolo (4,3-a]pyrimidines. Treatment of 2-hydrazinopyrimi- 
dine 37 with ortho esters gave the l,2,4-triazolo[4,3-rt]pyrimidine 38 , 
which has alkyl or aryl groups at the 3-,5-,6-, or 7-positions. They can re¬ 
arrange under acidic conditions to give the corresponding 1.2,4-triazolo- 
[l,5-fl]pyrimidine 39 , which can be also prepared by the reaction of 
2-hydrazinopyrimidine 37 with formic acid (71CB2702; 76KGS706; 
77AJC2515). 

Classic Dimroth rearrangements have usually occurred in neutral mole¬ 
cules under alkaline conditions (94MI1), although some weakly basic sub¬ 
strates have undergone rearrangement only under acidic conditions 
(69ZC241). The system 38 underwent rearrangement in both alkaline and 
acidic media but not under neutral conditions. 

Substitution on the parent heterocycle 38 by alkyl groups affected the 
rate of rearrangement and in the same direction, whether in acidic or alka¬ 
line media. The presence of a 3-methyl or 3-ethyl substituent on 38 de¬ 
creased the rate of rearrangement as a result of electron donation by the 
substituent to the electron-deficient system (63JCS1276). In contrast, 
electron-withdrawing substituents increased the rate of rearrangement. The 
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6-methyl and 7-methyl derivatives rearranged six times slower than the par¬ 
ent compound. The 5 isomer rearranged much more slowly, due to steric 
hinderance of the 5-methyl group toward the attack at the 4-5 bond prior 
to fission. For the same reason, the 3,5- and 5,7-dialkyl derivatives re¬ 
arranged extremely slowly. The slowest rearrangement occurred in the 
3,5,7-trialkyl derivatives. The rates for rearrangement in acidic media fol¬ 
lowed the order of those in alkali (77AJC2515) (Scheme 12). 

A mixture of triazoles 41 and 42 was formed on heating hydrazine 40 in 
formic acid (76KGS706). 

Bis- l,2.4-triazolo[4,3-fl.'4',3'-c]pyrimidine 43 and bis-l ,2.4-triazolo 
[4,3-fl.T,5'-c]pyrimidine 45 are stable toward rearrangement in acid or 
alkali but system 43 did undergo a thermal Dimroth-like rearrangement 
into /?/.v-1.2,4-triazolo[l,5-«:4',3'-c]pyrimidine 44 on fusion above 300°C 
(79AJC1585). 

The reaction of triazoles 46 and 51 with NaOH gave 47 and 48 , respec¬ 
tively. The later triazoles were formed by the reaction of 49 with NaOH or 
NaOH in H 2 0 2 , respectively. When the [l,5-«]triazole 49 was treated with 
H 2 S0 4 , it afforded surprisingly the [4,3-«] isomer 50 and not the amide 47 
because a retro-Dimroth rearrangement happened (70JPR254) (Schemes 
13, 14. and 15). 

When [4.3-u]triazoles A were heated in a dilute solution of KOH in 
ethanol or fused above their melting points, they gave [l,5-«]isomers C. 
Treatment of 2-benzalhydrazino-5-cyano-6-phenyl-3,4-dihydropyrimidin-4- 
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one with bromine in acetic acid gave 6-cyano-2,5-diphenyl-7-oxo-l,2,4- 
triazolo[l,5-a]pyrimidine (C, R=Ph) (98ZN1203).The use of more concen¬ 
trated alkali in the Dimroth rearrangement of A led to the participation 
of the nitrile group in the cyclization step after the formation of the ring- 
opened intermediate B that isomerized to D which then cyclized to E. 
Decarboxylation of E gave F (Scheme 15a) (98ZN1203). 

b. 1,2,4-Triazolo[4,3-c]pyrimidines. The above considerations have 
been shown to apply in the rearrangement of l,2,4-triazolo[4,3-a]pyrimi- 
dine-3-thiol to l,2,4-triazolo[l,5-a]pyrimidine-2-thiol under acidic, basic, or 
thermal conditions. On the other hand, l,2,4-triazolo[4,3-a]pyridine-3-thiol 
was stable under acidic or thermal conditions and with base it underwent 
decomposition to 2-pyridone (63JCS56412; 65JCS3357). 

The condensation of 4-hydraziopyrimidie 52 with ortho esters led to the 
formation of l,2,4-triazolo[4,3-c]- and [l,5-c]pyrimidines, where the reac¬ 
tion was found to be dependent on the structure of the ortho ester 
(78AJC2505; 86TL3127; 89JHC687).Thus, the ortho acetate gave the unre- 
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arranged products, i.e., the [4,3-c] isomer, which upon heating at a higher 
temperature gave the [1,5-cJ isomer (58CB1395; 59CB903). On the other 
hand, when the reaction was performed by using ethyl ortho formate, the 
rearranged product was directly formed in the case of the 5-methoxy de¬ 
rivative 52 , while both isomers were obtained from the corresponding ben- 
zyloxy derivative 52 . 

The l,2,4-triazolo[4,3-c]pyrimidine 53 underwent rearrangement in 
glacial acetic acid to the [1,5-c] isomer 55 , via the acylaminoalkenyltriazole 
intermediate 54 (78AJC2505); compounds 53-55 are distinguished by their 
UV spectra. In aqueous buffers, these reactions stop at triazole 54 except in 
the presence of a 7-methyl group, which helps completion of the sequence. 
The ring fission of 53 to 54 is retarded by 5- and/or 8-methyl groups but ac¬ 
celerated slightly by 3- and/or 7-alkyl groups.The triazolo[l,5-c]pyrimidine 
55 underwent a slow ring fission to triazole 54 , which was retarded by the 
presence of 2-, 5-, or 8-alkyl groups and totally stopped by a 7-methyl group. 

In contrast with the smooth rearrangement of l,2,4-triazolo[4,3-«]pyrim- 
idines into their [1,5-//] isomers, rearrangement from the [4,3-c] to the [1,5- 
c] system 53 to 55 was complicated by the relative stability of intermediate 
54 (77AJC2515). It emerged that both reactions were acid-base catalyzed, 
although the triazolo[4,3-c]pyrimidine 53 underwent hydrolytic fission 175 
times faster than its [4,3-c/] isomer at pH 3 and 5 times faster at pH 11. The 
1,2,4-triazolo[4,3-//]pyrimidine underwent complete rearrangement in 
aqueous buffers, whereas its [4,5-c] isomer did not. This was explained by a 
consideration of the nature of their respective ring fission products; one has 
a reactive hydroxymethylene group ready for recyclization, whereas the 
other has a relatively unreactive amide. In contrast to its behavior in aque¬ 
ous buffer, the triazolo[4,3-c]pyrimidine 53 rearranged completely into its 
[1,5-c] isomer 55 in glacial acetic acid (Scheme 16). 

Dimroth rearrangement of 5-benzyl-7-methyl-l,2,4-triazolo[4,3-c]pyrim- 
idine ( 56 ) to 7-benzyl-5-methyl-l,2,4-triazolo[l,5-e]pyrimidine ( 57 ) was ef¬ 
fected in boiling ethanolic sodium ethoxide or in an alcoholic solution of 
triethylamine. In case of ethanolic potassium hydroxide containing a small 
amount of water, the conversion took place after 3-5 min in cold conditions, 
but further boiling led to destruction of the molecule (92KGS225). The 
PMR spectra of compounds 56 and 57 differ in the downfield region. The 
signal at 4.40 ppm, corresponding to the CH 2 fragment of the benzyl group, 
first disappeared with a change in the signals for the protons of the phenyl 
group (conversion of the singlet of the aromatic protons into a multiplet). 
This change was due to the electronic effect of the nitrogen atom at posi¬ 
tion 1, which led to some restricted rotation of the phenyl group. The signal 
of the pyrimidine proton in the spectrum of 57 was shifted downfield 
(8.08 ppm), whereas it was superimposed with those of the aromatic pro¬ 
tons in a singlet at 7.23 ppm. The initial disappearance of the signal for the 
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protons of the methylene group was due to their high CH acidity, which 
leads to isotopic exchange in base. Thus, initial attack by the nucleophilic 
takes place in two alternative ways: the reversible removal of a proton from 
the benzyl group (a) and/or nucleophilic attack by the alkoxy group at po¬ 
sition 5 (b).The seconed possibility led to ring opening and recyclization at 
another nitrogen atom of the triazole ring (92KGS225). Hence, while the 
first route did not promote the rearrangement, it did not prevent the sec¬ 
ond as a consequence of its reversibility. 

The 8-allyl derivative of 56 can be rearranged to the respective propenyl 
derivative of 57 by the action of sodium ethoxide (93KGS1545) (Scheme 17). 

The cyclization of 4-hydrazinothieno[2,3-r/]pyrimidine 58 with triethyl 
ortho formate gave the l,2,4-triazolo[4,3-c]thieno[3,2-e]pyrimidine 59 , 
whereas its cyclization with formic acid gave the isomeric l,2.4-triazolo[l,5- 
c]thieno[3,2-e]pyrimidine 60 (81JHC43). It was reported later (85JHC831) 
that the triazololhienopyrimidines formed by the cyclization of 4-hy- 
drazino-2-phenylthieno [2,3-d]pyrimidine with triethyl ortho formate or 
formic acid have the l,2,4-triazolo[4,3-c]thieno[3,2-e]pyrimidine struc¬ 
ture because of their failure to isomerize under acid catalysis, but under 
basic conditions isomerization yielded the 5-phenyl-l,2,4-triazolo[l,5-c]- 
thieno[3,2-£>]pyrimidine (85JHC831). Proton magnetic resonance spec¬ 
troscopy showed that the triazole proton of triazolo[4,3-c] isomers are more 



96 


EL ASHRY et 




Me Me 



deshielded than that of [1,5-c] isomers (81JHC43). Thus, e.g., triazoles 59 
exhibit the triazole proton signal about 8.4 ppm. 

The isomerization proceeds by the formation of ring-opened intermedi¬ 
ates 61 or 62 in the presence of acids, such as p-toluenesulfonic or formic 
acids, or bases like sodium ethoxide. 
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5-Unsubstituted, 5-alkyl, and 5-aralkyltriazolo [4,3-c]thienopyrimidines 
undergo isomerization to [1,5-c] isomers under acidic and basic conditions, 
whereas 5-phenyl and 5-styryl-l,2,4-triazolo[4,3-c] thienopyrimidine resist 
the isomerization under acidic conditions. This inability to isomerize under 
acidic conditions could be due to the stabilization through delocalization of 
the charge on the pyrimidine system 63 and 64 (85JHC831) (Schemes 18 
and 19). 

When 5-methylthio-7-amino-l,2,4-triazolo[l,5-c]pyrimidine 65 was heated 
in hydrazine hydrate, 5-hydrazino-7-amino-l,2,4-triazolo[l,5-c]pyrimidine 
66 was obtained and 66 underwent rearrangement to give isomer 67 
(79KGS262). This a rare example of the retro-Dimroth rearrangement 
(Scheme 20). 

3. 1,2,4-Triazoloquinazolines 

The reaction of 4-hydrazinoquinazoline 68 with ortho esters in the pres¬ 
ence of K 2 C0 3 gave l,2,4-triazolo[4,3-c]quinazoline 69 , while aliphatic 
acids always yielded the 1 ,2,4-triazolo[l,5-c]quinazoline 70 by rearrange¬ 
ment of the [4,3-c] system 69 . Omission of K 2 CO 3 resulted in a mixture of 
the two isomers (70JOC3448). Acylation of 68 with Et0 2 CC0Cl followed 
by cyclization with AcOH gave 70 (83GEP3204126).The high-field chemi¬ 
cal shifts of the 2-substituents in 2-substituted l,2,4-triazolo[l,5-c]quinazo- 
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line compared to those of the corresponding 3-substituents in 3-substituted 
l,2,4-triazolo[4,3-c]quinazolines serve to differentiate between the two iso¬ 
mers. The above isomerization involved covalent hydration of the 5-6 dou¬ 
ble bond of 69 followed by ring opening and subsequent ring closure at N1 
of the triazolo nucleus. The isomerization also can occur with extreme ease 
in the presence of alkali (Scheme 21). 


4. 1,2,4-Triaz.olopyrazines 

The l,2,4-triazolo[4,3-«]pyrazine system underwent rearrangement to 
the isomeric l,2,4-triazolo[l,5-n]pyrazine system, although in poor yield 
(66JOC265). 
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5. 1,2,4- Triazoloquinoxalines 

The l,2,4-triazolo[4,3-n]quinoxaline system failed to undergo rearrange¬ 
ments (66JOC265) similar to those found with 1,2,4-triazolopyridines, 
-pyrazines, and -pyrimidines. 

6. 1,2,4-Triaz.olothiazines 

Heating 2-hydrazono-3,4-dihydro-2//-l,3-benzothiazin-4-one ( 71 ) with 
ortho esters in xylene gave l,2,4-triazolo[3,4-b][l,3]benzothiazin-5-one ( 72 ) 
(90JHC391). However, when 71 was treated with trifluoroacetic anhydride 
or trichloroacetic anhydride in DMF at 4°C it gave only the open-chain in¬ 
termediates 73 . Subsequent heating in DMF or DMSO of the trifluo- 
roacetyl derivative of 73 afforded the unexpected rearranged ring-closure 
product 2-trifluoromethyl-l,2,4-triazolo[5,l-fr][l,3]benzothiazin-9-one ( 74 ) 
via Dimroth rearrangement. No reaction was observed with the 
trichloroacetyl derivative due to its bulk, which hindered the cyclization. 
This observation also was made when trichloroacetyl chloride was used in¬ 
stead of the respective ortho ester. 

Treatment of 71 with chlorocarboxylic acid chlorides in DMF at 4°C af¬ 
forded the cyclized unrearranged products 72 in low yields and the corre¬ 
sponding open-chain intermediates 73 in high yields; no rearranged prod¬ 
ucts were isolated. However, when the above reactions were performed at 
35°C, the rearranged products 74 were produced along with a major 
amount of 72. In the case of chloroacetyl chloride at 35°C, the expected un¬ 
rearranged product 72 was the only product. 
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The reaction of 71 and ethoxyoxalyl chloride at 4°C in DMF gave only 
the open-chain product 73 (R=C0 2 Et), while on heating at 35°C the dis- 
ubstituted compound 75 with a small amount of the rearranged product 76 
were produced (90JHC391). 

The reaction of 71 with A^N'-carbonyldiimidazole or its thio analog in 
DMF at room temperature afforded only the unrearranged product 3- 
hydroxy-l,2,4-triazolo[3,4-b][l,3]benzothiazin-5-one (77) or its thio analog 
78, respectively. However, heating 71 with /V,/V'-thiocarbonyldiimidazole 
in toluene gave the cyclized rearranged product mercaptotriazolobenzo- 
thiazine 79 (90MII) (Schemes 22 and 23). 


7. 1,2,4-Triazolo-l ,2,4-triazines 

The triazolo[3,4-c][l,2,4]triazine 80 underwent Dimroth rearrange¬ 
ment on heating or on treatment with acid to give triazolo[5,l-c][l,2,4]tri- 
azine 81 [75BSF857], However, the reaction of hydrazine 82 with formic 
acid gave a mixture of triazolo[3,4-c][l,2,4]triazine 83A and triazolo[5,l- 
cjf 1,2.4Jtriazine 83B [75BSF864], Similarly, the reaction of 5-alkyl-3- 
carboxyhydrazino-l,2,4-triazole with triethyl ortho formate gave 2-substi- 
tuted l,2,4-triazolo[l,5-rf] and 3-substituted l,2,4-triazolo[4,3-d][l,2,4]- 
triazin-8-one (81T4353) (Scheme 24). 
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8. 1,2,4-Triazolo-J ,3,5-triazines 

5,7-Z?/.v(dimethyIamino)-3-(methylthio)-l,2,4-triazolo[4,3-fl][l,3,5]tri- 
azine (84) has been isomerized to its [1,5-a] isomer 86 upon being treated 
with excess anhydrous dimethylamine, pyrrolidine, or aniline in absolute 
ethanol at 85°C.This rearrangement generally occurs through attack on the 
six-membered ring by the basic ion to give the guanidine intermediate 85, 
which upon ring closure gave the final product. The rearrangement of 84 
can occur also in an acidic medium but a mixture of the two isomers was 
formed (73JHC231) (Scheme 25). 

When the hydrazone 87 was treated with lead tetraacetate in benzene at 
20-30°C, it afforded the corresponding l,2,4-triazolo[4,3-flj[l,3,5]triazine 
88 , whereas the [1,5-a] isomer was not formed (70T3357). On the other 
hand, when the hydrazines 89 (R=Me, R I= H or Me) were allowed to react 
with methyl diethoxyacetate for a short time and at a moderate tempera¬ 
ture, the corresponding bicyclic products of the [4,3-a] series 90 [R=Me, 
R'=H or Me] were obtained. However, when 89 [R=R I= =H] was heated 
with an excess of this reagent under reflux for 10 min the isomeric product 
[1,5-a] system 91 was formed (70T3357) (Schemes 26 and 27). 
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Scheme 26 


E. Rearrangement of Pyrimido Heterocycles 

When 3-/3-D-ribofuranosyl-9//-9-oxo-7-methoxycarbonylpyrimido[2,l-/]- 
purine a was acetylated, it gave the corresponding tri-O-acetyl derivative 
accompanied by 40% conversion to the other isomer, 3-[2',3',5',-tri-0- 
acetyl-(y3-D-ribofuranosyl)]-7//-7-oxo-9-methoxycarbonylpyrimido[2,l-i]- 
purine b, via probably Dimroth rearrangement due to ring opening of a by 
the nucleophilic attack of either pyridine or the acetate ion, followed by 
ring closure facilitated by the leaving group properties of the acetate ion. 
Similarly, treatment of a or d with dimcthylamine gave the same imid- 
azolylpyrimidinone derivative c, which could be recyclized under acidic 
conditions to the thermodynamically favored fluorescent 7-oxopyrimido- 
[2, l-/]purine isomer d (Scheme 27a) (95H1197). 


III. Translocation of Exo- and Endocyclic Heteroatoms in 
Heterocyclic Rings 

This type of rearrangement represents one of the first examples leading 
to the generalization of a Dimroth rearrangement. The exo- and endocyclic 
heteroatoms may exist as a part of acyclic systems. However, this section 
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deals only with those that have one of the heteroatoms in a heterocyclic 
system. 


A. Heterocycles with One Heteroatom in the Ring 
1. Pyridines 

Although l,2-dihydro-2-imino-l-methylpyridine (92, R=H) was hy¬ 
drolyzed slowly in alkali to the oxo analog 93 without rearrangement 
(21CB814), the corresponding derivative (92, R=N0 2 ), with a powerful 
electron-withdrawing group, rearranged to 2-methylamino-5-nitropyridine 
(94) (28CB1223). l-Diphenylmethyl-l,2-dihydro-2-iminopyridine was 
rearranged under only extreme conditions (25CB393; 52DOK223). 
Rearrangement of l-alkyl-2-(alkylimino)-6-amino-4-(alkylamino)-l,2-di- 
hydro-3-pyridine carbonitrile by the action of amine gave 2,4,6-rra(alkyl- 
amino)-3-pyridine carbonitrile (81CB937). 
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Interestingly, the isotopically labeled 2-aminopyridine 95 was partly iso- 
merized into the isomer 96 after heating in aqueous acid or ammonia 
(66ZC181) (Schemes 28 and 29). 

The acid treatment of 1-aminopyridine derivatives possessing strong 
electron-withdrawing groups at C4 as in 97 gave pyrazolopyridines 98; 
Dimroth rearrangement had taken place followed by cyclization (84PJC85) 
(Scheme 30). 

When 1-dicyanomethylene-3-indanone was treated with trimethyl ortho 
formate and a substituted aniline in the presence of AcOH it gave 
anilinomethylene-indanone 99 followed by ring closure and Dimroth re¬ 
arrangement to indanopyridine 100 (89M781) (Scheme 31). 

2. Azepine 

Rearrangement of the 6,ll-dioxo-5,6-dihydromorphanthridines by heat¬ 
ing in trifluoromethanesulfonic acid gave 1-aminoanthraquinone [95JAP- 
(K)07/149698] (Scheme 31A). 

3. Thiopyrans 

4-Amino-2-alkylaminothiopyranylium iodide 101 was rearranged by 
heating in DMF in the presence of NaOEt to l-alkyl-4-aminodihydro- 
2(l//)-pyridinethione 102 (83M581). Similarly, naphthothiopyran 103 un¬ 
derwent the rearrangement with NaOH to give 104 (86CS639) (Schemes 32 
and 33). 


B. Heterocycles with Two Heteroatoms in the Ring 
1. Imidazoles 

2-Amino-l-methyl-l//-imidazole-4,5-dione (105) has been converted 
under weakly acidic conditions to 2-methylamino-l//-imidazole-4,5-dione 
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(106) (87BCJ4115). A basic ion exchange resin caused Dimroth rearrange¬ 
ment of some imidazole derivatives such as 4-amino-5-carboxamido-l,3- 
dimethylimidazolium p-toluenesulfonate [84IJC(B)870], 5-Methylamino- 
imidazole-4-carboxylate underwent rearrangement with concentrated 
aqueous ammonia to give 5-amino-l-methylimidazole-4-carboxamide 
[79JCS(P1)3107] (Scheme 34). 

2. Thiazolines 

3//,6//-2,5-BB’(/7-N,A/'-dimethylaminophenyl)-l,2-thiazolino[5,4-f/][l,2]- 
thiazoline-3,6-dithione (107) can be rearranged reversibly when catalyzed 
by Lewis acids or upon irradiation into the isomeric 3H,6H-3,6-bis(p-N,N'- 
dimethyl aminophenylimino)-l,2-dithiole (108) (90JPR387) (Scheme 35). 
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Scheme 34 

3. Heterocycles with Sulfur and Selenium Atoms 

Heterocyclic thiones with one or two ring selenium atoms undergo 
Dimroth rearrangement during the lithiation-chalcogenation sequence, 
while the thione sulfur and one ring selenium atom exchange their places in 
109 to give the 4,5-dithiolate 110 or the diselenolate 111. Similarly, 112 
gave l,3-thiaselenole-2-selone-4,5-diselenolate 113 or 114. Trapping exper¬ 
iments support the conclusion that this rearrangement took place during 
the lithiation step (92JOM213) (Schemes 36 and 37). 

4. Pyrimidines and Their Fused Analogs 

Most of the examples that were reported to experience a translocation 
process of one of the heteroatom substituents with one of the heteroatoms 
of the ring belong to pyrimidines and their fused ring systems. 

a. Pyrimidines and Their Fused Rings with Saturated Carbocycles. One 
of the early examples used to explain the mechanism of the rearrangement 
involved reacting 15 NH 3 with 2-chloropyrimidine 115 to give the isotopi- 
cally labeled 116. Subsequent methylation gave 117 that was rearranged in 
alkali to 119 via 118. Hydrolysis of 119 gave 2-hydroxypyrimidine 120, 
which had the l5 N label in the ring [58AG400; 61NAT(L)828; 63CB534] 
(Scheme 38). 

The conversion of 121 to 122 occurred through the addition of methyl- 
amine to 121, which was claimed to have been recyclized with migration of 
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the V-phenvI fragment to the exocyclic position (76KGS561; 81MI2) 
(Scheme 39). 

Rearrangement of the 2-ethoxycarbonylmethyl-l,4,6-trimethylpyrimi- 
dinium salt with alcoholic aqueous methylamine gave the respective 2- 
methylaminopyridine-3-carboxylate (94MI2) (Scheme 39a). Similarly, in al¬ 
kaline medium, even nonquaternized 2-methyl-5-nitropyrimidine gave 
2-amino-5-nitropyridine (94MI2) (Scheme 39A). 

Reaction of l-aryl-2-methylthiopyrimidinium iodide (123, R'=Ar) with 
hydrazine or phenylhydrazine led to its rearrangement into 1-amino- 
2-arylaminopyrimidinium iodide 125 rather than the expected product 
124 from a substitution reaction. Compound 125 can undergo deproto¬ 
nation to give neutral substance 126 (90JHC1441). The structure of the 
1,2-diaminopyrimidinium salts was proved by X-ray crystal analysis and 
spectral analysis (93JHC1607). The rearrangement of l-amino-2-methyl- 
thiopyrimidinium iodide (123, R'=NH 2 ) with hydrazines must follow an 
ANRORC mechanism (85T2237) involving, as an open-chain intermediate, 
the azatriene 127. The hydrazine attacks position 6 of the cduct 123, giving 
after ring opening either isothiourea intermediate 127 or mostly substitu¬ 
tion product 124, which can be rearranged (Scheme 40). 

l,2-Dihydro-2-imino-l-methylpyrimidinc (128; R=R’=R 2 =H, R’=Me) 
was not affected by aprotic triethylamine, whereas the rearranged pro¬ 
duct 131 was formed by the action of anhydrous diethylamine via the 
intermediates 129 and 130. The rearrangement proceeded in three steps: 
amine addition, ring fission, and recyclization [68JCS(C)1452; 73RTC711; 
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74JCS(P1)372], Replacement of the 1-methyl group with higher /r-alkyl ho¬ 
mologs increased the rate of the rearrangement. This was attributed to a 
steric factor which hindered the reverse reaction of the acyclic imine inter¬ 
mediate 130 [67JCS(C)903]. 

The rate of rearrangement of 128 to 131 was facilitated by the presence 
of electron-withdrawing groups located at C5 or Nl. Thus, the 1-allyl, 1- 
/3-hydroxyethyl, 1-benzyl, and p-nitrobenzyl substituents increased the 
reaction rates, which caused an electron deficiency. Addition of electron- 
donating substituents to the parent ring decreased or even stopped 
the rearrangement (68MIl).The rates of Dimroth rearrangements of 1,2- 
dihydro-2-imino-l,4,6-trimethyl-5-substituted phenylpyrimidine indicated 
that, although the mesomeric effects of the p-substituents are attenuated by 
the presence of a considerable interplanar angle between the benzene and 
pyrimidine rings, rearrangement rates decreased in the order N0 2 > F > 
Cl > Br > Me > OMe > NH 2 , following qualitatively the pa-values for the 
groups.The rearrangement of l,2-dihydro-2-imino-l,6-dimethylpyrimidine 
took place more rapidly than its 1,4-dimethyl isomer, and the rate of 1,2- 
dihydro-2-imino-5-methoxy-l-methylpyrimidine was greater than that of 
the parent imine [63JCS1276; 71JCS(C)250] (Scheme 41). 

5-Cyano-l,2-dihydro-2-imino-l,4,6-trimethyIpyrimidine (132; R=Me, 
R‘=CN) rapidly underwent rearrangement under mild alkaline conditions 
to yield 5-cyano-4,6-dimethyl-2-methylaminopyrimidine (131; R=Me, 
R'=CN). However, the imine (132; R=H, R‘=CN) afforded a normal re¬ 
arranged product (131; R=H, R'=CN) at pH 5-9 and an abnormal one 
(133; R=H) at higher pH values. The dimethyl homolog 132 (R=Me, 
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R 1= CN) failed to produce 133 (R=Me) even in strong alkali. The differ¬ 
ence in behavior between these homologs may result from the ability of the 
aldehyde group of the intermediate (134; R=H) to form the hydrate in al¬ 
kali. This would discourage normal recyclization by elimination of water 
and encourage abnormal cyclization by addition to the cyano group. In case 
of the intermediate (134; R=Me), the keto group would form such a hy¬ 
drate much less readily and normal recyclization rearrangement of the 
imine (132; R=Me) would occur [66JCS(C)164], A less electron-withdraw¬ 
ing group than that of the cyano group, such as the 5-carbamoyl substituent, 
caused the 5-carbamoyl-l,2-dihydro-2-imino-l,4,6-trimethylpyrimidine hy¬ 
droiodide to be isomerized faster in alkali to the amine (131; R=Me, 
R‘=CONH 2 ). Also the 5-halogenated imines (132; R=Me, R'=C1 or I) re¬ 
arranged at a rate intermediate between that of the parent imine (132; 
R=H, R 1= C1 or I) and its 5-carbamoyl derivative [67JCS(C)903] (Scheme 
42). 

The pK„ values and UV spectra of imines 135 and their respective me- 
thylamino isomers 136 indicated that the rearrangement can be pro¬ 
gressively followed spectrometrically at pH 13. The rate of rearrangement 
varied widely with nature, number, and position of the C-alkyl sub¬ 
stituents [63JCS1276; 67JCS(C)1928; 71JCS(C)250; 75H283]. The presence 
of a 5-alkyl group slowed the rearrangement; a 4- or 6-alkyl group caused 
much less retardation. However, in 135 (R'=R 2 =Me, R 3 =H) and 135 
(R 1= R 2 =H, R 3 =Me) there was a small increase in rate on adding a methyl 
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group such as in 135 (R'=R 2 =R 3 =Me) and 135 (R'=H, R 2 =R 3 =Me), re¬ 
spectively. Moreover, the relative effects of the methyl, ethyl, and isopropyl 
groups in the 2- or 4-positions followed no fixed order. The marked effect 
of the 5-alkyl group was due to a combination of mesomeric electron en¬ 
richment at C2, which discouraged the OH attack, probably the first step 
in a Dimroth rearrangement (65JCS7071), and the steric hinderance to the 
180° rotation about the 5-6 bond (A to B), a necessity for recyclization to 
136. The relatively minor effect of a 4-alkyl group on rearrangement ap¬ 
peared to arise from minimal mesomeric and inductive effects on C2 cou¬ 
pled with the lack of any steric factor. In contrast, the similarly minor effect 
of a 2-alkyl group seemed to be the result of several competing factors: in¬ 
ductive electron enrichment at C2, steric hindrance to hydroxy approach, 
1-2 bond instability from crowding in the N1/C2 area following hydroxyla- 
tion, and steric favoring of the required conformation B in the equilibrium 
(A B) [74JCS(Pl)372].The mass spectral fragmentation patterns of 135 
(R'=R 2 =R 3 =H or R 1 =R 3 =H, R 2 =Me) were found to be identical to 
those of the corresponding 136 as a consequence of their rearrangement 
upon electron bombardment (75H283). 

The tetramethylene derivative (137; n= 4) rearranged at a rate compara¬ 
ble with that of the 4,5-dimethyl analog 135, but the trimethylene derivative 
(137; n=3) did so eight times faster. There are two factors involved; the mild 
strain, introduced by annulation of the five- (but not the six-) membered 
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ring, tends to elongate (destabilize) the 2-3 bond and after fission of the 2-3 
bond, there is less steric hindrance for 137 (n= 3) than in that from 137 
(/;=4) to give 138 [74JCS(P1)372] (Scheme 43). 

l,6-Dihydro-6-imino-l-methylpyrimidine (135; R'=R 2 =H) rearranged 
faster than its 1,2-dihydro-2-imino isomer (128; R=H).The 1,6-dihydro-6- 
imino-l-methyl-2-methylthiopyrimidine (135; R'=H, R 2 =SMe) failed to re¬ 
arrange due to the difficulty of water addition to the N-l-C-2 bond because 
of steric hindrance by the thioether group. The same group at C4 had no 
such effect [71JCS(C)2507J. 

Uracil derivatives possessing an electron-withdrawing group at the 
5-position are remarkably sensitive to nucleophilic attack on the 6- 
position (77CSR43) and frequently undergo various types of ring transfor¬ 
mations [81JOC3949; 83JCS(P1)1293; 84JCS(P1)1859; 85JCS(P1)1137, 
85JOC1512; 90JCS(P1)123,90JCS(P 1)367], Although. 6-aminouracil deriv¬ 
atives are generally inactive toward nucleophiles, a phenyl group at the 1- 
position facilitates the cleavage of the N1-C2 bond by attack of hydroxide 
ion on the 2-position and consequently induces Dimroth rearrangement 
[89JCS(P 1) 1695; 90T3431). 

The reaction of l-substituted-4,4,6-trimethyl- 1,4-dihydropyrimidine- 
2(3//)-thiones 139 with 11 M HC1 was temperature dependent and the re¬ 
arrangement results at lower temperature via the dehydrative recyclization 
of the initial hydrolytic product involving attack of the thioureido sulfur on 
the carbonyl carbon to give 2-substituted amino-4,4,6-trimethyl-47/-l ,3- 
thiazines 140 [80JCS(P1) 1013]. On the other hand, intramolecular ther- 
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mal rearrangement of 139 gave 4-substituted amino-6,6-dimethyl-5.6- 
dihydropyridine-2(l/y)-thiones 141 in a molten state, constituting a unique 
Dimroth rearrangement [91IJC(B)740; 92IJC(B)142] (Scheme 44). 

The reaction of 6-amino-l-aryl-5-formyl(acetyl)uracil (142) with potas¬ 
sium hydroxide in boiling ethanol resulted in Dimroth rearrangement to 
give 6-anilino-5-formyl(acetyl)uracil (143) (92CPB2839). However, the 
parent derivative 5-acetyl-6-amino-3-methyl-l-phenyluracil (142) gave 
upon similar treatment the rearranged product 143 in addition to the 2- 
anilino-3-cyano-N-methylcrotonamide (144). However, 6-amino-5-formyl- 
1,3-dimethyl uracil (145a) and 6-amino-3-methyl-l-phenyluracil (145b) did 
not undergo the Dimroth rearrangement, which indicated that both the 
N-l phenyl group and the 5-acyl group on the uracil ring must be present 
for rearrangement to occur. 

Reaction of 5-cyano-3-methyl-l-phenyluracil (146) with amines induced 
rearrangement, instead of an N'l exchange reaction, to give 6-amino-3- 
methyl-l-phcnyl-5-(N-substituted iminomethyl)uracil (147) (89CPB2008) 
(Scheme 45). 

Dimroth rearrangement of l,6-dihydro-6-imino-l,2-polymethylenepy- 
rimidines (148) provided a route to 6-aminopyrimidines 149, bridged by a 
polymethylene chain between the amino group and the original 2-position. 
The rate of rearrangement was enhanced by using substrates 148 bearing an 
electron-withdrawing group (R=CN, CONH 2 , or C0 2 Et) adjacent to the 
imino group (75AJC119). A lengthy seven-membered polymethylene chain 
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in the imines 148 presented no hindrance to the formation of the required 
bridge during the rearrangement to products 149. By contrast, a six- 
membered chain rearranged slowly, while a four- or five-membered chain 
was too short to serve as a bridge and hence hindered rearrangement 
(Scheme 46). 
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b. Quincizolines. Substituted 3-alkyl and 3-aryl-2-hydrazino-4(3 H)- 
quinazolinone (150) underwent Dimroth rearrangement to give 3-amino-2- 
alkyl(aryl)aminoquinazolinone (151) (85PHA54; 87PHA412; 90PHA30) 
when heated in hydrazine hydrate and isopropyl alcohol. When the hy¬ 
drazine 150 was heated with carboxylic acids, it gave 152 (91MI1). It was 
proposed that 150 rearranged to the diaminoquinazolinone 151, which 
underwent cyclocondensation in situ with the carboxylic acids to give 152 
(Scheme 47). 

2,3-Dihydro-2-imino-3-methylquinazoline (153a) rearranged completely 
into 2-methylaminoquinazoline (154a) in 1 N alkali at room temperature, 
more rapidly than its 5-,6-, and 7-methoxy derivatives. An increase in alka¬ 
linity caused an increase in the rate especially for 153a and its 6-methoxy 
derivative. When the rate was measured at pH 12.5, the 5-methoxy deriva¬ 
tive rearranged faster than the simple imine 153a, whereas the 6- and 7- 
methoxy imines did so 3-4 times more slowly (68AJC2813). 
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Ring contraction of 1,'4-dihydro-1,3,4-benzotriazepin-5-ones by the ac¬ 
tion of NaOEt gave l-methyl-2-methylamino-4(l W)-quinazolinones 154b 
via rearrangement of l,3-dimethylquinazolinone-3-imines 153b (78JOC 
3427). 

2- Blocked 3-benzamidoquinazolin-4-one 153c, on treatment with dilute 
alkali, gave the triazole 154c arising from 3-4 bond cleavage followed by cy- 
clization (86T4481) (Scheme 48). 

3- Alkyl-3,4-dihydro-4-iminoquinazoline 155 rearranged in alkali to 4- 
aminoquinazoline 157, except for the derivative 155 (R 1= H, R 2 =R 3 =Me, 
X=CH), where some hydrolysis also occurred to give the quinazolinone 
158 [75JCS(P1)2182; 91MI3]. Imines bearing bulky branched IV-alkyl 
groups rearranged more slowly than the A/-methyl homolog. This was at¬ 
tributed to steric hindrance toward the hydration of the 2-3 bond prior to 
its fission to yield the intermediate 156, which was consistent with the de¬ 
crease in rearrangement rate found by the presence of a 2-methyl group in 
155. Steric interference between the bulky group R 3 and the ortho hydro- 





gen atom (R 1 ) in the intermediate 156 was inconsistent with the increase in 
the rate when a 5-methyl group was present; it could, however, result from 
instability resulting from steric interference between the imino- and the 
5-methyl group in 155 [75JCS(P1) 2182], 

Rearrangement of the pentamethyleneimine (159;||s|3) proved impossi¬ 
ble because the chain was too short to form a stable bridged amine (160; 
n=3). For the same reason the rearrangement of the imine (159; n= 4) was 
very slow. However, the higher homologs (159; n =5 or 7) rearranged satis¬ 
factorily [75JCS(P1)2182] (Scheme 49). 

2-(3-Thioureido)benzonitrile 161 rearranged thermally or in boiling 
aqueous DMF to give 1,2-dihydroquinazoline 162 (92MI2). Similarly, the 
ureido derivative 163 gave 164 upon heating with amines via a Dimroth 
rearrangement of an aminohydroquinazolinone (88JPR289) (Schemes 50 
and 51). 

When 2-phenyl-l-unsubstituted quinazoline 3-oxide 165 was heated in a 
solvent (xylene, toluene, butanol, or ethanol) or melted, it gave the oxime 
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167 through intermediate 166. No catalyst was needed and no solvent effect 
was found.The 2-alkylquinazoline-3-oxides isomerize much slower than the 
2-phenyl and 2-styryl analogs. They can be transformed to the oxime 167 by 
continueous heating in butanol [86JCS(Pl)2163].The transformations pro¬ 
ceed by an addition-elimination mechanism in the presence of acidic or ba¬ 
sic catalysts (67JOC1151) or an acylating agent (65JOC2766). The primary 
product is a Schiff base 166 which is transformed at room temperature in a 
fast but reversible electrocyclic ring closure and proton migration to the ni¬ 
trone 165 (R=Ph). At higher temperature the formation of the thermody¬ 
namically more stable semicyclic amidoxime (167; R=Ph) is favored. The 
process involves reversion to 166 by proton migration and cleavage of 
C2-N3 bond of the quinazoline ring, followed by rotation and recyclization. 

The conversion of 4-amino-1 W-quinazolin-2-one 3(A)-oxide (168) to 4- 
oximino-1 H, 3//-quinazolin-2-one (169) by heating in a solution of DMF is 
an example of a Dimroth rearrangement in which the hydroxy group (or 
the A-oxide oxygen atom) acts as the substituent on the amidine system 
(81KGS1264).The 3-A-monoalkylated salt of 4-aminoquinazoline 170 also 
underwent the rearrangement to give 171 (85TL2905) (Schemes 52, 53, 
and 54). 

c. Pyrrolopyrimidines. The hydrochloride salt of 4-amino-3-substi- 
tuted-7//-pyrrolo[2,3-rf]pyrimidine (172) can be rearranged to the corre¬ 
sponding isomer 173 (81CB2056; 84MI1) (Scheme 55). 

d. Furopyrimidines. Furo[2,3-z?]pyrimidin-4(3//)-imine 174 underwent 
Dimroth rearrangement to the thermodynamically more stable 4-aryl- 
amino compound 175 by heating in water (85CS227; 86CS337) or aqueous 
dioxane (93KGS124). The rearrangement of the benzofuro[3,2-d] isomers 
to their 4-substituted amino derivatives was also observed [80IJC(B)115; 
86CB1070] (Scheme 56). 

e. Thienopyrimidines. Substituted iminobenzothienopyrimidine 176 has 
been rearranged, under base catalysis, to the benzothienopyrimidine 177 
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[88CS195; 90IJC(B)1070, 90IJC(B)1074, 90JIC260; 92MI1]. An amino 
group at position 2 as in 2-amino-3-aryl-4-iminothieno[2,3-d]pyrimidines 
(178) directed the rearrangement to involve the ring opening and recy- 
clization to give 179 where the /V-aryl group moved to position 2. Thus, 
sodium ethoxide in ethanol at 40-50°C caused the isomerization of 178 
to about 50%, but no isomerization occurred under acidic conditions 
(10% HC1, PTSA/QHf,, HC0 2 H). The rearranged product 4-amino-2- 
arylaminothieno[2,3-rf]pyrimidine (179) may be formed by a reaction path¬ 
way involving the cleavage of the C4-N3 bond followed by a free rotation 
around the C2-N1 bond of the resulting intermediate and then recycliza- 
tion (93JHC435). 2,3-Polymethylenethieno[2,3-d]pyrimidin-4-imine deriva¬ 
tives underwent Dimroth rearrangement to give the corresponding hetero- 
condensed pyrimidophane derivatives (86CB1070) (Schemes 57 and 58). 

f. Pyrazolopyrimhlines. The hydrolytic rearrangement of pyrazolo- 
[3,4-d]pyrimidine 180 gave the isomeric derivative 181 (60JA3147). Con¬ 
densation of N-substituted amides with 5-amino-l-methylpyrazole-3,4- 
dicarbonitrile (182) gave 4-alkylamino-l-methylpyrazole[3,4-d]pyrimidine- 
3-carbonitrile (185), which was apparently formed via intermediate 183. 
The formation of 185 from 183 occurred via a Dimroth rearrangement in 
an anhydrous medium [73JCS(P1)1903]. Species 183 is an obligatory inter¬ 
mediate in the Dimroth rearrangement and once formed may, according to 
the reaction conditions, be dehydrated to afford the 5-substituted pyra- 
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zolo[3,4-rf]pyrimidine 184 or complete the rearrangement to give the 
4-substituted pyrazolo[3,4-J]pyrimidine 185. The conversion of 183 to 185 
could be partially hindered by carrying out the reaction in the presence of 
molecular sieves. This effectively eliminated the equilibrium between 183 
and 184 and resulted in the formation of both 184 and 185. In absence of 
the dehydrating agent, only 185 was formed (Schemes 59 and 60). 
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g. Adenine analogs. A number of studies were done on the Dimroth 
rearrangement of 1-alkyladenine and its derivatives to produce isomeric 
6-N-substituted derivatives [73B2179, 73B4074, 73JOC2247; 74CPB2211; 
77MI1; 78BRP1534163; 80MI1; 81MI1; 82JAP(K)57/139094; 83JPT113; 
85CPB3635; 86JHC1189; 87CPB4482], The rearrangement of 1-methyl- 
adenosine 186 to N-methyl adenosine 188 occured without isolation of 
intermediates (68B3453). However, the 1-alkoxyadenine derivative 186 re¬ 
arranged to the 6-N-alkoxy isomer 188 through isolable monocyclic inter¬ 
mediate 187 [66CI(L)1967; 69CPB1128, 69JCS(CC)458; 71CPB1731, 
71T2415; 72JMC182,72T535; 73JCS(CC)917; 74CPB2211], The mechanism 
of rearrangement of 186 may involve a rate-determining initial ring 
opening caused by attack of hydroxide ion on both the protonated and 
the neutral species of 186 at position 2 and a subsequent fast ring clo- 
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sure of the intermediate 187 (90CPB3326). At pHs 7.6 and higher at 40°C, 
186 (R‘=R 2 =Me) rearranged more rapidly than the l-methoxy-9- 
methyladenine, although the later underwent ring opening 30 times as fast 
as the former (72T535).The enhancement of the ring-opening step and the 
slowing down of the recyclization step for the 1-methoxy derivative could 
be attributed to the electron-withdrawing nature of the substituent at posi¬ 
tion 1. A comparison of rate constants [63BJ127; 68B3453, 68JCS(C)2026; 
72JA(94)8542; 85CPB3635] for the rearrangement of 186 (R 1= Me; R 2 =/3- 
D-ribofuranosyl) and its analogs at various temperatures and pHs with 
those of 186 (R 1= R 2 =Me) has suggested that the /3-D-ribofuranosyl group 
at the 9-position may have a rate-promoting effect (72T535) due to the 
electron-withdrawing effect of the furanose ring oxygen that accelerates 
the attack of the hydroxide ion (75CPB54; 85CPB3635, 85MI1). The in¬ 
tramolecular participation of the 5'-OH group may have a certain role to 
play in the acceleration of ring opening. An electron-withdrawing group at 
the 1-position and the ribofuranosyl group at the 9-position separately 
lower the pK a of 186 and this causes the population of the reactive proto- 
nated species at near neutrality to decrease [52BBA369; 59JA178; 60JA222; 
63BJ127; 67B3625; 72JA(82)4708; 75CPB54], 

Kinetic studies on the rearrangement of a series of l-alkyl-9-methyl- 
adenines and 1-alkyladenosines in aqueous solution (75CPB54) indicated 
that the rate increase as the pH of the medium increased. At pHs 10 and be¬ 
low the /z-alkyl homologs underwent rearrangement at comparable rates, 
whereas at pHs 11 and above the 1-ethyl and 1-propyl derivatives re¬ 
arranged more slowly than did the 1-methyl derivative. The 1-benzyl deriv¬ 
ative underwent rearrangement faster than the 1-methyl derivative at pHs 
10 and below, whereas raising the pH to 11 and above reversed the order. 
The most susceptible compound to rearrangement was nucleoside 186 
(R'=Bn; R 2 =/3-D-ribofuranosyl), as a result of a balance of steric and elec¬ 
tronic effects, but at pHs 10 and above it was nucleoside 186 (R‘=Me; 
R 2 =iQ-D-ribofuranosyl) which possessed the smallest alkyl group at the 1- 
position (75CPB54). 

The protonated species of the 1-benzyl analog rearranged faster than any 
of the l-alkyl-9-methyladenines. In contrast, the neutral species rearranged 
only at an extremely slower rate (75CPB54). Hydroxide ion attacked the 
protonated species much faster than the neutral species and the former was 
influenced by an electroic factor for the 1-substituent and the later by a 
steric factor. In the reaction of the neutral species for larger n-alkyl groups 
at the 1-position retarded the attack by hydroxide ion at the 2-position 
owing to their steric bulk (75CPB54). The roughly similar rates for the 
reaction of the protonated n-alkyl homologs and the rate enhancement 
observed for the protonated 1-benzyl derivatives suggested that the 
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electron-withdrawing property of the 1-benzyl group affects hydroxide 
attack on the protonated species at the 2-position more significantly 
than does its steric bulk. The (3-D-ribofuranosyl group at the 9-position 
accelerated the ring opening of both the neutral and protonated species 
(Scheme 61). 

A rate study on the rearrangement of a series of 9-substituted l-(w- 
hydroxyalkyljadenosines 186 and related compounds (X=Br or C10 4 ) 
indicated that an unusual hydrolytic deamination occurred competitively 
with the Dimroth rearrangement at near-neutrality to give 189 instead of 
the 6-N-substituted isomer 188 (86CPB1094). The l-(cu-hydroxyalkyl) 
analogs 186 [R 2 =Et, R ,= (CH 2 ) 2 OH or (CH 2 ) 3 OH] as hydrobromide salts 
rearranged faster than the corresponding 1-alkyl analogs 186 (R'=Et, 
R 2 =Et or Pr) as perchlorates. This rate enhancement was due to the 
electron-withdrawing effect and not to the intramolecular participation of 
the hydroxy group in the 1-position. In the reaction of neutral species, hy¬ 
droxide attack may be influenced by the steric bulk of the 1-substiluent. 
The relative rate of hydrolytic deamination of 186 [R 2 =Et, R 1= (CH 2 ) 2 OH 
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or (CH 2 ) 30 H] as HBr and HCIO4 salts with respect to Dimroth rearrange¬ 
ment increased as the pH of the reaction medium decreased. 

The Dimroth rearrangement of 190 (R^OCT^CHjNH^, R 2 =H or Br) 
was rationalized in terms of intramolecular catalysis by the aliphatic amino 
group in the substituent to give 191 (79MI2) (Scheme 62). 

Treatment of 1-ethyladenine 192 with 0.2 N aqueous NaOH caused re¬ 
arrangement to A-ethyladenine 194 with two by-products, hypoxanthine 
196 and 1-ethylhypoxanthine 198, resulting from unusual hydrolytic deami¬ 
nations of the intermediate 193 via 195 and 197, respectively. Rates in¬ 
creased with an increase in the pH of the medium. Similar results were also 
reported for the rearrangement of 7-alkyl-l-methyladenines (94CPB382) 
(Scheme 63). 

1,9-Diethyladenine hydrobromide 199, when treated with triethyl phos¬ 
phite, produced the diethyl isomer 200 by Dimroth rearrangement 
(76CPB655; 86CPB1094) in contrast to the alkylations of 1,9-disubstituted 
adenines with common alkylating agents in which alkylations occurred pre¬ 
dominantly at the N6 position (74B1913; 76CPB655; 83CPB3149). Also, the 
adenine derivative 201 was rearranged to 202 (93CPB453) (Scheme 64). 

6-N-Alkylated derivatives of adenine nucleotide coenzymes such as 
NAD and ATP were synthesized by the Dimroth rearrangement of 1-N- 
alkylated adenine nucleotides (81ABC2631). The rearrangement occurred 
with better efficiency by using anion exchange resins (OH form) in which 
high concentrations of OH - ions around the adsorbed nucleotide mole¬ 
cules existed. 

Phosphorylation of 203 by using 2-methylthio-4//-l,3,2-benzodioxa- 
phosphorin-2-oxide (MTBO) in the presence of 4-morpholine-A,'N- 
dicyclohexylcarboxamidine as a catalyst gave 204 that rearranged to 205 
(86M13; 91ABC1999) (Scheme 65). 
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The mechanism of the Dimroth rearrangement of adenosine was deter¬ 
mined by using labeled 15 N to follow the exchange between the exocyclic 
and endocyclic positions in the adenine ring. The elucidation of this re¬ 
arrangement by NMR indicates that ring cleavage between the N1 and C2 
atoms followed by internal rotation is the correct pathway (75BBR581; 
77CB373). 

Deoxyadenosine when protected as the 3',5'-0-6/s(terr-butyldimethyl- 
silyl) (BDMS) derivative 206 and reacted with benzyl bromide gave 207, 
which underwent the rearrangement using methanolic dimethylamine (1:1) 
to give 208 (73B2179). Labeling at position 1 was achieved via Dimroth 
rearrangement and the 15 N-label can be used as a 15 N NMR probe 
(87JA1275). 1-Methyl purinium ribonucleoside cation 209 in aqueous am¬ 
monia was converted to purine nucleoside 210 in a reaction which involved 
addition of ammonia at C6 followed by a rearrangement with elimination 
of methylamine. This reaction offered a method for specific incorporation 
of 15 N into heterocyclic compounds (90JA1247). In ammonia buffers of 



130 


EL ASHRY etal. 


[Sec. III.B 


varying pH, the velocity of this reaction was found to reach maximum near 
pH 10 (90JA1247) (Schemes 66 and 67). 

The 4-nitrophenyl group at position 1 of 2'-deoxyinosine not only served 
as an electron-withdrawing group to increase the electrophilicity of the 
C-2 position but it also served as a good leaving group following ring 
closure of the formamidine intermediate. Thus, an 1S N atom can be incor¬ 
porated in the hypoxanthine base by direct reaction of l5 NH 3 with the 
l-(4-nitrophenyl)-3', 5'-diacetyl-2'-deoxyinosine to give the [l- l5 jV ]-2'- 
deoxyinosine and the 5-amino-l-(2'-deoxy-/3-D-ribofuranosyl)imidazole-4- 
[7V-(4-nitrophenyl)carboxamide] (Scheme 67a). The use of alkylamines in¬ 
stead of NH 3 gave the N-alkylated derivatives (95JOC2251) (Scheme 67a). 

Rearrangement of 1-methyladenosine 211 to 6-methylaminopurine ri- 
bonucleoside 212 proceeded at room temperature at a rate proportional to 
the hydroxide ion concentration. Reduction of 211 by sodium borohydride 
gave l-methyl-6-hydroadenosine 213, which could be oxidized by air in al- 






Scheme 67A 
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kaline solution to give 212. The reaction proceeded through ring opening 
(68B3453; 91MI2). 

Kinetic analysis of the rearrangement of 1-methyladenosine to 6 -N- 
methyladenosine in milk under temperature-time conditions of steriliza¬ 
tion was found to be a first-order reaction (95MI1) (Scheme 68). 

Treatment of l-methoxy-9-dimethyladenine 214 with boiling H 2 0 un¬ 
der mildly alkaline condition afforded the rearranged product 216 
(74CPB2211; 87CPB4482), whereas H 2 0 at room temperature gave the 
monocyclic compound 215 as an intermediate, which, when boiled in H 2 0, 
afforded the rearranged product 216; reversion to 214 appeared to occur to 
a negligibly small extent. When 216 was treated under similar conditions it 
gave neither intermediate 215 nor compound 214, indicating that the equi¬ 
librium 214 ^ 215 ^ 216 in neutral or mildly alkaline solution favored 
the isomer with more electron-withdrawing groups attached to the exo- 
cyclic nitrogen atom. Under acid conditions, intermediate 215 recyclized at 
room temperature to both 216 and the 1-methoxy derivative 217 (71T2415). 
Rearrangement of adenosine analogs was also reported (75CPB2643; 
90CPB652, 90CPB1392,90CPB1536) (Scheme 69). 

Reaction of 1-methoxyadenine (218; R=Me) with boiling water for 4 h 
furnished N -methoxyadenine 222, while 1-benzyloxyadenine (218; R=Bn) 
in boiling DMAC gave the ring-opened derivative 219, which underwent 
ring closure to give the rearranged product 221 and adenine 1-oxide 220 
(71CPB1731). 
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l-Methoxy-9-substituted adenine-2-rf-hydroiodide and 1-methoxyadeno- 
sine 2-rf-hydroiodide underwent rearrangement by the action of amberlite 
resin, Et 3 N. or H z O to give the 6-A-methoxy-9-substituted adenine-2-rf. At 
pH 7.6, 1,9-dimethyladenine rearranged more rapidly than l-methoxy-9- 
methyladenine, although the latter underwent ring opening 30 times as fast 
as the former (72T535; 75CPB54; 90H1593; 91CPB301) (Scheme 70). 

The 1-A-carboxymethyl derivative 223 can be rearranged to the 6-N- 
carboxymethyl derivative 224 at pH 8.5. The 6-N-carboxymethylation 
of 223 directly took place in contrast with the NAD + derivatives, which 
must be first converted into NADH before undergoing rearrangement 
(86BBA64). When /3-propiolactone reacted with single-stranded DNA at 
pH 11.7, l-(2-carboxyethyl)adenine was completely rearranged by Dim- 
roth rearrangement to 6-A-(2-carboxyethyl)adenine in DNA, whereas no 
conversion occurred at pH 7.5. The extent of the rearrangement was 
determined for 1-methyladenine, l-(2-carboxyethyl)deoxyadenosine 5'- 
monophosphonic acid, and 5'-0(2-carboxyethyl)phosphono-l-(2-car- 
boxyethyl)deoxyadenosine (79MI1). 1,3-Di-(2-hydroxyethyl)adenosine 

3',5'-cyclic phosphate in 1 M NaOH failed to undergo rearrangement 
(86MI1). Rearrangement of the conjugate base 225 gave 6-A-(3-methylbut- 
2-enyl)adenine 226 by the action of alkali (64PNA73) (Scheme 71). 
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The l-benzyl(methyl)-9-methyl-8-oxoadenine 227 underwent Dimroth 
rearrangement when it was treated with sodium hydroxide to give the 
6-/V-benzyl(methyl)-9-methyl-8-oxoadenine 228 (88H1145; 91TL97). 
Similarly, l-methyl-8-oxoadenosine gave the 6-/V-methyl-8-oxoadenosine 
(93CPB1850). The 8-bromo derivative 229 gave 231 (R=Br) (88H1145) 
through a nonisolable intermediate.The relative ease of rearrangement was 
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in the order 229 < 230 > 227. The rate enhancement by the 8-bromo group 
was due to its electron-withdrawing effect on the 2-position where hydrox¬ 
ide ion attack occurred. Rate retardation by the 8-oxo group may be at¬ 
tributed to its electron-donating resonance effect (+R effect) on the 2- 
position (90CPB2591) (Scheme 72). 

Rearrangement of 3,7,8,9-tetrahydro-7,7-dimethylpyrimido[2,l -/]purine 
232 in 2 TV aqueous ammonia at 110°C for 10 h, gave the 9,9-dimethyl tri¬ 
cyclic base 234 after the imidazole ring in 233 rotated 180° and the ring 
closed [68JCS(C)1731]. When a solution of the tricyclic base 232 in 1 N 
aqueous potassium hydroxide was set aside at 20°C, 233 and 234 formed 
slowly. However, when a solution of 232 in 2 N aqueous ammonia was 
heated at 85°C for 36 h, isomerization to 234 occurred to the extent of 60%, 
and very little of the imidazole derivative 233 was obtained. Thus, if an equi¬ 
librium (65JCS1165) exists between 232 and 234, it should greatly favor the 
latter compound (Scheme 73). 

1 -TV, 2-Polymethylene-bridged adenosine 235 on treatment with alkali 
underwent rearrangement to give the isomeric polymethylene-bridged 
adenosine 236 (79LA1872). Rearrangement of 237, which has a carbon on 
C6, gave the deazapurine nucleoside 238 (81H1049) (Scheme 74). 

h. Thiazolopyrimidine. Dimroth rearrangement of iminothiazolopy- 
rimidine 239a gave the aminothiazolopyrimidine 239b (78JIC1040) 
(Scheme 75). 
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232 233 234 


Scheme 73 


i. Triazolopyrimidine. Dimroth rearrangement of l,2,3-triazolo[4,5- 
d]pyrimidine 240 to 242 was found to be greatly facilitated by the use of 
methylamine salts [73JCS(P1)2659]. The first step is a rapid addition of 
methylamine across the 2- and 3-positions of 240 to give 241a and the 1-2 
bond is opened by hydrolysis to produce the carbinol amine 241b, which fi- 
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nally closed after rotation to give 8-methyl-6-methylamino-8-azapurine 
(242) (Scheme 76). 

j. Pteridines. 2-Amino-3,4-dihydro-3-methyl-4-oxopteridine (243) re¬ 
arranged in alkali to 4-hydroxy-2-methylaminopteridine (244) (60CB2015, 
60TL17); the rate was studied (68MI1) (Scheme 77). 

5. Oxazines 

Rearrangement of this heterocyclic ring usually is accompanied by fur¬ 
ther reaction such as hydrolysis or dehydration. Thus, isomerization of imi- 
noxazine 245 was followed by hydrolysis of the chlorine atom to give 246 
(65M1352). On the other hand, 1,3-oxazine 247 isomerized in alkali to give 
248 after dehydration (54JCS839) (Scheme 78). 
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Reaction of the 2,3-dioxo-2,3-dihydro-4//-l,4-oxazines with dimethylsul- 
foxonium methylide introduced an exomethylene group with concomitant 
ring contraction to give the respective 4,5-dioxo-2,3,4,5-tetrahydrooxazole 
(94CPB739) (Scheme 78A) where an endocyclic carbon atom became exo- 
cyclic. 


6. Thiazines 

l-(4-Substituted phenyl)-6-phenyl-5,6-dihydro-2-thiouracils (250) can be 
obtained by the rearrangement of 2-(4-substituted phenylimino)-6-phenyl- 
5,6-dihydro-l,3-thiazin-4(3//)-one (249). The rearrangement proceeded in 
the aprotic solvent DMF in the presence of lithium hydride; the carbanion 
originating at the a-carbon facilitated C-S bond cleavage in the thiazine 
ring to yield the ambident ion, which in turn cyclized to the 2-thiouracil de¬ 
rivative 250 (87CCC2260). 
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Scheme 78A 


Cw-2-(4-substituted phenyl)amino-5-methyl-6-phenyl-5,6-dihydro-l,3- 
thiazin-4-one (251) rearranged in the presence of lithium hydride in DMF, 
or in the presence of triethylamine in absolute ethanol to give cis- and 
b-a/w-5-methyl-6-phenyl-l-(4-substituted phenyl)-5,6-dihydro-2-thiouracils 
(252a and 252b) (91CCC1287) (Schemes 79 and 80). 

The rearrangement of 253 gave pyrimidinethione 254 (90AQ62). Imi- 
nothiazine perchlorates 255 gave thioxopyrimidine 256 in the presence of 
base (88PS55). 
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The pyrimidinethione 259 was prepared by rearrangement of 2-(meth- 
ylamino) and 2-amino-4,6,6-trimethyl-6/f-l,3-thiazine ( 257 ) and the 2- 
(phenylimino)thiazine 258 (75M1469) (Schemes 81,82, and 83). 

Reaction of ketene dithioacetals 260 with thioamides gave 5-substituted 
2-methyl(phenyl)-6-methylthio-4-thioxopyrimidine ( 262 ) (92H1573). The 
reaction mechanism involves the addition of the thioamide to the ketene 
dithioacetal 260 to afford 2-cyano-3-methylthio-3-thioamido-propenoni- 
trile or -propenoate intermediate, which cyclizes in situ by site-selective 
nucleophilic attack of the sulfur on the cyano group to give 6-imino-l,3- 
thiazine 261 , which rearranged to 262 (Scheme 84). 

7 . Fused Thiazines 

2-Amino-l,3-benzothiazin-4-ones ( 263 ) underwent rearrangement to 
give the quinazolinone-2-thione 264 (90AP857). The action of ethoxide 
base on anilinothienothiazines 265 gave the thioxopyrimidinone 266 
(87S466), and the pyrazolothiazine 267 gave 268 (79KGS1687) (Schemes 
85, 86, and 87). 

Rearrangement of 2-imino-4-oxodihydro-5,6-benzo-l,3-thiazines 269 
and 271 took place on heating above the melting point to give 270 and 273 , 
respectively. In case of 269 , the direction of rearrangement depended on 
the electron density on the nitrogen atoms. In the case of 271 , 273 is more 
stable than 272 (67ZC231) (Scheme 88). 
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8. Pyrazines 

2-Aminopyrazine (274) unlike 2-aminopyridine and 2-aminopyrimidine, 
failed to react with picryl chloride (PKC1) to give 2-picrylaminopyrazine. 
When equimolar quantities of 274 and PKC1 were dissolved in absolute 
ethanol at 25°C, the hydrochloride of l-ethoxy-5-imino-5-picrylamino- 
3-aza-l,3-pentadiene (275) was formed and this failed to give the 2- 
picrylaminopyrazine when treated with an equivalent amount of base. 
However, treatment of 274 with 2 molar equivalents of picryl fluoride 
(PKF) in DMF produced l-picryl-2-picrylimino-l,2-dihydropyrazine (276) 
(73JHC275) (Scheme 89). 

C. Heterocycles with Three Heteroatoms in the Ring 
1. Triazoles 

The aminotriazoles 277 rearranged in pyridine or alcoholic sodium 
ethoxide to give the anilinotriazoles 278 [70JCS(C)230; 73LA578; 
80JCR(S)308; 88S851; 91HCA899]. The reaction was also successful with 
the 4-pyridyl (89BSB343) and 4-thiadiazolyl derivatives (92CPB357). 

Heating 4-substituted 5-amino-l-phenyl-l,2,3-triazole (277) in acetic an¬ 
hydride afforded the acetyl derivative of the isomeric 4-substituted 5- 
anilino-1,2,3-triazole (278). However, the anilino isomers and their acetyl 
derivatives retrogress to the acetyl derivatives of the amino compounds on 
prolonged heating in acetic anhydride [71JCS(C)706] (Scheme 90). 
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Rearrangement of 279 took place on the addition of alkylisocyanates to 
give 281 (89CZ11). 5-Amino-4-ethoxycarbonyl-l-phenyl-l,2,3-triazole 
(279) under UV irradiation gave the rearranged product 282 and not the 
ketene imine 280, which can be formed from some 1,2,3-triazoles on simi¬ 
lar treatment. This is an example of photochemical Dimroth rearrangement 
(02CB4041; 57JOC654; 76ACH265; 77BCJ2505). The reaction was also ef¬ 
fected thermally in H 2 0, Me 2 SO, Ac 2 0, or in alkaline solution (09LA183; 
83YZ594) (Scheme 91). 



281 R 1 = CONHR 
280 282 R1 = H 
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When 4-amino-5-methyl-l-(/?-toluenesulfonyl)benzotriazole (283) was 
boiled in toluene for 3 h, rearrangement into 7-methyl-4-[(p-toluenesul- 
fonyl)amino]benzotriazole (284) was complete. However, the same com¬ 
pound was boiled in benzene for 1.5 h and produced a trace of 284. The bis- 
tosylate 285 was stable in nonpolar solvents and its rearrangement to 286 
was accelerated on raising the temperature. No rearrangement of 285 to 286 
was observed in chloroform and it was slow in toluene. No rearrangement 
from 286 to 285 was observed in DMSO-d 6 at room temperature 
(92JOC190). Furthermore, when 4-aminobenzotriazole 287 was treated 
with one equivalent of p-toluenesulfonyl chloride in pyridine, 4-[(p-tolu- 
enesulfonyl)amino]benzotriazole (288) was obtained either by the re¬ 
arrangement of the 1-sulfonyl-substituted compound or by its direct for¬ 
mation. Compound 288 was stable when heated in toluene for 5 h (Scheme 
92). 

5-Chloro-l-phenyl-1,2,3-triazole (289; X=CH) when heated with 5 
equivalents of hydrazine hydrate in methanol yielded the rearranged tria- 
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zole 291 (X=CH) through the rearrangement of 5-hydrazino intermediates. 
The reaction involves the exchange of an endocyclic nitrogen atom with an 
exocyclic one and proceeds via the diazoamidine intermediate 290 
(X=CH) (88BSB543; 89BSB343). The structure of 291 was established by 
comparing its l3 C NMR spectra with that of 289. The ipso-aryl C-atom of 
291 is deshielded and the ortho - and pnra-C-atoms are shielded relative to 
those of 289 (89BSB343) (Scheme 93). 

When the 1 -aroyamino-4-phenyl-l ,2,3-triazol-5-yl-aroylmethylphospho- 
rus ylide was boiled under reflux in xylene or chlorobenzene, it rearranged 
to the pyrazolo[4,3-rf][2,3]benzodiazepines (95TL5637) (Scheme 93a). The 
mechanism involved a ring opening of the triazole and a recyclization to a 
pyrazole (Scheme 93A). 

2. Thiadiazoles 

5-Hydrazino-l,2,3-thiadiazole 295 was formed when 293 was allowed to 
react with 2 equivalents of hydrazine hydrate in ethanol at room tempera¬ 
ture, but with an excess of hydrazine the rearranged salt 296 was isolated. 
However, on acidification with hydrochloric acid 296 yielded 295, indicat¬ 
ing the reversibility of the rearrangement (89JHC1811). When 296 was 
treated with benzaldehyde at room temperature, the rearranged product 
297 was formed, while methylation of 296 and reaction of the resulting 298 
with benzaldehyde yielded 299. The rearrangement proceeded through 
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electrocyclic ring opening of 292 or 293, followed by ring closure of the in¬ 
termediate 294 involving the substituent at the 4- or 5-positions. 

Compound 295 exhibits a small upfield shift for C4 (4 ppm) and a down- 
field shift for C5 (5 ppm) compared with those in 292. Compound 297 has 
similar absorption for the ring carbon atoms and also exhibits a diagnostic 
hydrazone C=N resonance at 147.7 ppm. The hydrazone C=N signal of 299 
is shifted downfield by 10 ppm (Scheme 94). 

5-Arylamino-4-acyl-l,2,3-thiadiazole (300) underwent rearrangement 
when heated in piperidine to give after acidification 5-mercapto-l-aryl-4- 
acyl-1,2,3-triazole (301) (69CB417; 76MI1). The rearrangement of 1,3,4- 
thiadi azoline 302 gave 1,2,4-triazole 303 on heating in alcohols (75M1291) 
(Schemes 95 and 96). 

Rearrangement of 3-amino-5-thiomethyl-l,2,4-thiadiazoles was detected 
in the mass spectra of these compounds labeled with l5 N in the 3-amino 
substituent or the ring 2-position (86MI4). 

Treatment of 3-(2-pyridylimino)-3//-l ,2,4-thiadiazolo[4,3-a]pyrimidine 
(304; R=2-pyridyl) with either 10% ethanolic HC1 or NaOH resulted in 
the formation of 2-(2-pyridylimino)-2//-l,2,4-thiadiazolo[2,3-a]pyrimidine 
(305; R=2-pyridyl), which was alternatively synthesized by the action of sul- 
furyl chloride on thiourea 306 (74JOC3783). Under similar conditions 5,7- 
dimethyl-3-(2,6-dimethyl-4-pyrimidylimino)-3//-l,2,4-thiadiazolo[4,3-c]py- 
rimidine (307) gave no rearranged products.Thus, it afforded 308 with HC1, 
whereas attempted rearrangement in NaOH gave a product which corre- 
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sponded to the addition of water to the starting material and formation 
of 309 as a Dimroth intermediate. Hydrolysis of 309 in HC1 resulted in 
the formation of 308. Heating 309 in POCI 3 resulted in the formation of 
5,7-dimethyl-2-(2,6-dimethyl-4-pyrimidylimino)-2//-l,2,4-thiadiazolo[2,3-c]- 
pyrimidine (310), a resonance hybrid [310 o 311] (Scheme 97). 


3. Dithiazoles 

Compounds of type 312 and 313 can undergo rearrangement under the 
influence of Lewis acids to give 315 and 316, respectively, via betaines of 
type 314 for 315 (78JOC4951). 
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Scheme 95 


Disubstituted 5-imino-l,2,4-dithiazolidine-3-thiones (317) with a 5- 
alkylimino group rearranged when boiled in triethylamine in the presence 
of ethanol to give 318 (91JPR107) (Scheme 98). 

4. Triazines 

a. 1,2,3-Triazines. 3-Substituted 3,4-dihydro-4-imino-l,2,3-benzotri- 
azines (319) rearranged to the isomeric substituted 4-amino-l,2,3-benzo- 
thiazines (320) in acetic acid regardless of the nature of the 3-substituents 
[74JCS(P1)609], A -I or -M type of substituent in the 3-aryl nucleus of 
the 4-iminotriazines 319 accelerates the rearrangement, especially when 
the substituents occupy an ortho or para position. For example, the 
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omitrophenyl derivative of the imine 319 was so unstable that it could not 
be isolated; it rearranged spontaneously to the isomer 4-o-nitroanilino- 
1,2,3-benzotriazine (320), due to the electronic influence of the o-nitro sub¬ 
stituent in 321. In contrast, +1 substituents stabilized the 4-iminotriazines. 
4-Aminobenzotriazines are stable in acetic acid (Scheme 99). 

3-Ethoxycarbonylmethyl-4-arylazomethylene-3,4-dihydro-l,2,3-benzo- 
triazine (322) rearranged to 325 when it was heated in ethanol 
[91JHC1709], The reactivity of 322 suggested that the combined electron- 
withdrawing effect of the ethoxycarbonylmethyl group at N3 and the 
azomethylene group at C4 promoted the cleavage of the N2-N3 bond of 
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the triazine ring. Also, the protonation of the azo nitrogen by solvent facil¬ 
itated the ring-opening step to give the diazonium intermediate 323. Bond 
rotation and a 1,5-prototropic shift gave the isomeric diazonium cation 324, 
which then underwent ring closure and loss of a proton to give the re¬ 
arranged product 325 (Scheme 100). 

b. 1,3,5-Triazines. The rearrangement of l-(nitrophenyl)-4,6-diamino- 
1,3,5-triazines 326 to their isomers 327 was best affected in boiled ethano- 
lic pyridine (93JHC849). The rearrangement of compounds having an 
imino or azido group on the aryl ring proceeded in lower yields than those 
of the corresponding nitro analogs, where the electron-withdrawing nitro 
groups stabilized the transient dipolar acyclic species as intermediates. 
However, attempts to trap any intermediate failed. 

Rearrangement of various acylamino-l,3,5-triazines, e.g., 328, gave 329a 
or 329b. However, rearrangement was not observed for other substituents 
(85MI2; 86MI2, 86MI5; 87MI1, 87MI2). The rate of rearrangement in 
EtOH/H 2 0 increased with increasing ionizing power of the solvent and 
proceeded by nucleophilic attack of H 2 0. When 2,4-bis(2-hydroxy-l- 


EtOH 



322 


^CHC0 2 Et 




Ar = 
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cycloalkenyl)-l,3,5-triazines (330a) were subjected to rearrangement in 
EtOH/H 2 0, they were converted into (hydroxycycloalkenyl)for- 
mylaminopyrimidines 330b (88MI1). Thermal rearrangement of 331 and 
333 gave 332 (70T3357) (Scheme 101). 

5. Oxadiazines 

4-(Dialkylamino)-2//-l,3,5-oxadiazine-2-thiones (334) were very sensi¬ 
tive toward acids and rearranged completely to 4-(dialkylamino)-2//-l,3,5- 




331 R = H, or Me 332 333 
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thiadiazin-2-ones (335) by treatment with acetic acid (89LA931) (Scheme 

102 ). 


D. Heterocycles with Four Heteroatoms in the Ring 
1. Tetrazoles 

When 5-chloro-l-phenyltetrazole (289; X=N) was heated with five 
equivalents of hydrazine hydrate in methanol, it yielded the tetrazole 
291 (X=N) through rearrangement of the 5-hydrazino intermediate 
(88BSB543; 89BSB343). 

Heating imines 336 derived from 1,5-diaminotetrazole in DMSO pro¬ 
vided hydrazones 337 via Dimroth rearrangement. The reaction was greatly 
favored due to the electron-withdrawing groups attached to the imine car¬ 
bon atom (90CB1575) (Scheme 103). 

An ab initio study of the Dimroth rearrangement of 5-amino-1,2,3,4- 
tetrazole (338) to 339 led to the conclusion that in the vapor phase the rate¬ 
determining step was not ring-chain isomerism, but was either the Z-E 
isomerism around the C=N double bond or the 1,3-sigmatropic shift of the 
proton (82JHC943) (Scheme 104). 



Scheme 102 
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2. Thiatriazolines 

Reaction of 4-alkyl-5-arylimino-l,2,3,4-thiatriazoline (340) with p- 
nitrophenylisothiocyanate in pyridine yielded three products, 341, 342, 
and 343. Thus, 340 underwent cycloaddition to give the dithiazolidine 



H H 



,N, Ai 
\' 

I 


-N 

+ N 5N 


H H 

~v 


N 


i^r-S 




A Azido tetrazole isomerization 
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D 1,3-Sigmatropic shift of the proton 
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341, which then gave 342. The isomerization of 341 to 343 via Dimroth 
rearrangement was catalyzed by pyridine (89BSB879) (Scheme 105). 
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I. Introduction 

This chapter covers further advances in pyridazine chemistry since the 
last chapter in this series was published (90AHC385). In general, it includes 
references through mid-1998, although articles from some important jour¬ 
nals have been included until the end of 1998. 

Since the late 1980s many bioactive natural products containing pyri¬ 
dazine rings as a part of their molecules have been discovered and their 
structures determined. It is surprising how many new synthetic approaches 
and unusual transformations of pyridazines have been described. Also, 
167 

Copyright © 2000 by Academic Press. 

All rights of reproduction in any form reserved. 

0065-2725/00 $30.00 



















168 


KOLAR AND TlSLER 


[Sec. II 


other aspects have been the subject of intensive investigations, from a the¬ 
oretical standpoint, of biological activities. With the resurgence of pyri- 
dazine derivatives as novel bioactive molecules these were the subject of in¬ 
tensive synthetic and medicinal studies. Since the length of this chapter is 
limited we decided to omit the chemistry of pyridazine complexes with in¬ 
organic ions or compounds as well as their biological activities. 


II. Natural Products 

Although in the past pyridazine natural products were rather rare, since 
the late 1980s a significant number of such compounds was discovered. 
They contain as a rule partially or completely saturated pyridazine rings. 
An ester of 4-hydroxy-2,3,4,5-tetrahydropyridazine-3-carboxylic acid, 
which is a constituent of luzopeptins, the dimeric antitumor cyclodecadepsi- 
peptide antibiotic was prepared in a five-step synthesis as racemate 
[94JCS(CC)1867], Pyridazomycin 1, a fungicide antibiotic, produced by 
Streptomyces violaceoniger, is a quaternized pyridazine with an amino acid 
side-chain. It is proposed that its biosynthesis starts from glycine and or- 
nithin(94AG1733). The free carboxylic acid is the first reported natural 
product that appears to act via reversible oxidation/reduction linked to 
photosynthesis electron transport (97MI1). Maleic acid hydrazide metabo¬ 
lite, its 1-glucosyl derivative, was isolated from tobacco plant (95MI3). A se¬ 
ries of piperazic acid-based stromelysin (MMP-3) inhibitors was synthe¬ 
sized (95BMC3053) and the structure of a new peptide antibiotic 2, 
YM-24074, was elucidated (96JAN811). As a part of the 19-membered cy- 
clodepsipeptide ring system a hexapeptide unit with two piperazic acid 
molecules has been synthesized in a multistep synthesis (94TL7685). 



(2) 
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Antrimycins (cirratiomycins are the same substances) are linear polypep¬ 
tide antibiotics (from Streptomyces xanthocidicus and St. ciratus) containing 
in the central part (3S)-2,3,4,5-tetrahydropyridazine-3-carboxylic acid. 
Syntheses of this acid have been developed (91CL1953; 93S809) and the to¬ 
tal synthesis of antrimycin D v was described [92JCS(CC)1186], 

From Actinomadura atramentaria five matlystatins (A, B, D, E, F) were 
isolated and their structures 3 elucidated (92JAN1723; 94JAN1473, 
94JAN1481).They are new inhibitors of type IV collagenases and total syn¬ 
theses of compounds A (93TL8477) and B (93TL683; 94JAN1481) have 
been described. 


R 2 


NHAc 



coo" 


The antitumor antibiotic himastatin 4 (from Streptomyces hygroscopicus) 
is a unique dimeric molecule joined through a biphenyl linkage. Each of the 
18-membered rings contains (3i?,5i?)-5-hydroxypiperazic acid (96JAN299). 
A recent revision of the stereochemical assignment and total synthesis of 4 
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(4) 


were published [98AG(E)2993, 98AG(E)2995], Several hexadepsipeptide 
antibiotics are 19-membered ring compounds. Antibiotics variapeptin 5 
and citropeptin 6 contain two molecules of piperazic acid (90JAN477) as 
well as aurantimycins A, B, and C 7 (from Streptomyces aurantiacus). For 
compound A X-ray diffraction analysis was made (95JAN119). From 
the culture broth of Actinomadura verrucosospora verucopeptin 8 was 
isolated. The 19-membered cyclic peptide incorporates one molecule of 
hexahydropyridazine-3-carboxylic acid (93JAN921, 93JAN928). The d- 
and L-piperazic acids are incorporated in the 19-membered hexadepsipep¬ 
tide antibiotic l-156,602 (from Streptomyces sp.) (91JAN249) and two 
molecules of piperazic acid are also present in the related cyclic antibi¬ 
otics IC101 9 (from Streptomyces albulus) (93JAN1658) and A83586C. The 
first asymmetric total synthesis of the later was recently accomplished 
[97JCS(CC)2319]. 




(5) 


( 6 ) 




(7) 

Aurantimycin A : X-Y = X -CH2-NH- 

B : X-Y: -CH 2 -NH-; X'-Y': -CH=N- 
C : X-Y = X’-Y': -CH=N- 


oh ^ ^ \lH * Me Me Me Me 

rSr^vV^ 

O^NMc °Cy° 

V° M v 


( 8 ) 



(9) 



172 


KOLAR AND TlSLER 


[Sec. III.A 


III. Synthetic Methods 

A. From Carbonyl Compounds 

1,4-Diketones and y-keto esters remain standard starting compounds for 
the preparation of pyridazines in the search of biologically active com¬ 
pounds. Acetylenic 1,4-diketones were transformed in low yield into 4(1//)- 
pyridazinones, existing actually as 4-hydroxypyridazines based on spectro¬ 
scopic evidence. The main products were pyrazoles (92MI2; 93RRC989). 
Pyridazine fatty esters were obtained from methyl 9,12-dioxostearate and 
hydrazine by ultrasonic irradiation [97JCS(P1)3485] and pyridazineestra- 
diol derivatives were obtained from estradiol, substituted at position 2 with 
unsaturated diketones (96AP433). 

2,3,4,5-Tetrahydro-3-pyridazinones were prepared from 4-aryl-4- 
ketobutyric acids (/3-benzoylpropionic acids) or their esters (88FA539, 
88JHC1689; 90JHC557, 90JMC1735, 90PHA724; 91JOC1963, 91MI8; 
92PHA249; 95JMC4878, 95JMC4880; 96ZOR591). 4-Pyrazolonyl analogs 
reacted similarly; after the pyridazine cyclization the pyrazolone ring is 
eliminated (93RRC213). From 3-benzoyI-3-butenoic acids and hydrazine, 
6-aryI-5-methyl-3(2//)-pyridazinones were formed in low yield since the 
major products were 4-pyrazoleacetic acids (90JHC205). The 1,4-dihydro 
structure was claimed for the 4-nitroarylpyridazines obtained from ni- 
troaryl y-keto esters. They were oxidized with activated Mn0 2 to the aro¬ 
matic pyridazines (93CPB156). These were also obtained from a-hydroxy- 
y-ketoacids [89H(29)1907], The unprotected bis-keto ester afforded also a 
1,4-dihydropyridazine derivative 10 , whereas from its dithiolane derivative, 
the tetrahydropyridazine 11 , was formed (89JHC1353). 6-Substituted 



( 11 ) 
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3(2//)-pyridazinones were obtained in a one-pot reaction after a known 
process from acetophenone, glyoxylic acid, and hydrazine in moderate to 
good yields. The reaction proceeds via an aldol intermediate (93S334). 6-(9- 
Anthracenyl)-3(2//)-pyridazinone was prepared from /3-(9-anthracenoyl) 
acrylic acid (91MI4). Pyridazinones 12 were prepared from 3-arylidene-4- 
oxopentanoic acids and the tautomeric form 13 was excluded based on 
NMR evidence (90CPB3009). 5-Arylidene-4-oxo pentanoic acids yielded 6- 
arylethenyl-3(2//)-pyridazinone derivatives (89JMC342). Recent investiga¬ 
tions, however, support the aromatic structure 13 (95AJC1601). 



( 12 ) (13) (14) 


Perhydro-pyridazine-3,6-diones were prepared from succinic anhydride 
or its methyl analog with hydrazine or monosubstituted hydrazines under 
microwave irradiation with reaction times drastically reduced and yields 
comparable to standard procedures (96TL4145).The addition of hydrazine 
hydrate at room temperature to dimethyl methylenesuccinate gave also 
a pyridazine derivative 14 as evidenced from X-ray analysis. Evidently 
the cyclization reaction involved the methylene and methoxycarbonyl 
group [93JCS(P1)1931], Acyl hydrazides and maleoyl dichloride afforded 
2-aroyl-6-hydroxy-3(2//)-pyridazinones (97MI5) and 4-hydroxy-3(2//)- 
pyridazinone derivatives 16 were prepared from butenedioates 15 (as a 
mixture of E and Z isomers, the Z isomer prevailing). The butenedioates 
were obtained from addition of amines to dimethyl acetylenedicarboxylate 
according to a reported procedure. The structures of 16 were determined 
using 2D NMR and 15 N-NMR techniques (93JHC1501). A novel synthetic 
approach is a one-pot procedure involving succinic or maleic acid and in 
situ formed diazaphosphole derivative from a hydrazone and PC1 3 . From 
succinic acid the perhydro derivatives 17 and from maleic acid the corre¬ 
sponding l,2-dihydro-3,6-pyridazinediones were obtained (96T13695). 




174 


KOLAR AND TlSLER 


[Sec. 10/ 


Several pyridazine derivatives were prepared from haloalkyl or 
cyanoalkyl ketones. Chloroalkyl ketones, prepared from 4-chlorobutyryl 
chloride and phenols, gave with excess of hydrazine 3-aryl 1,4,5,6-tetra- 
hydropyridazines (88SC2183). Ethyl 1,6-dihydropyridazine 3-carboxylate 
was obtained from 8-bromo allylic a-keto ester with p-toluenesulfonylhy- 
drazine at room temperature (96T14975). A convenient asymmetric syn¬ 
thesis of (3 R)- 19 and (35)-piperazic acid from a chiral bromovaleryl car- 
boximide enolate 18 with di-ferf-butyl azodicarboxylate is reported. The 
trifluoroacetate salt of 19 was obtained with a diastereoselectivity greater 
than 96% (92TL7613). The same reaction was used to prepare the pro¬ 
tected S- isomer of 19 on larger scale (95SL615). In view of the criticism 
(95SL615) of the previously described procedure of 19 and the 3 S isomer, 
the synthesis has been reinvestigated and the previous results confirmed. 



The reaction paths have been investigated in detail (96T1047). A self¬ 
condensation product of w-bromoacetophenone, when treated with potas¬ 
sium thiocyanate and subsequently with phenylhydrazine, afforded 1,3,5- 
triphenyl-4-thiocyanato- 1,6-dihydropyridazine [88CI(L)30], 1,3-Diaryl or 
otherwise substituted 1,3-cyanoketones were the starting material for the 
preparation of 4,5-dihydropyridazines (93JHC1093,93SC137t).The substi¬ 
tuted cyanoacrylonitrile 20 was transformed into 21 (stereochemistry was 
not determined) (92TL7345) and the propenoates 22 (R=Me or Ph) af¬ 
forded at room temperature 23 (98HCA231). From 4-aryl-3-bis(methyl- 


>-f 0H 

NC COOft 


NC COOMe 


NHCOR 



(23) 
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thio)methylene-4-oxobutanenitriles, 6-aryl-5-bis(methylthio)methyl3(2//)- 
pyridazinones were prepared (88S89). 

A great number of pyridazines was prepared from preformed hydra- 
zones or related compounds. Hydrazones of 1,2-diketones, when treated 
with ethyl cyanoacetate, were transformed into cyanopyridazinones 
(88LA1005; 95HAC469, 95T12745). The transformation is accelerated un¬ 
der the influence of microwave irradiation (95HAC469). A tetrasubstituted 
pyridazine was prepared from benzyl monohydrazone and a-ketoglutaric 
acid in the presence of triethylamine (95PJC685). 3(2F/)-Pyridazinones 
were obtained with variable yields in a one-pot reaction from phenylhy- 
drazones of 1,2-diketones and trimethylsilyl acetate with rc-BuLi in THF at 
-78°C, followed by heating at 40-45°C (91SC1935). In another vari¬ 
ant, phenylhydrazones of 1,2-dicarbonyl compounds were treated with 
triethyl phosphonoacetate in the presence of NaH as a catalyst to give 2- 
phenyl-3(2//)-pyridazinones (91SC1021). In a related transformation the 
Wittig reagents were used and a mechanistic interpretation was given 
[97JCR(S)236], Hydrazones, prepared from symmetrical 1,2-diketones and 
l,l,l-trifluoro-3-phenylsulfonyl-2-propanone hydrazone were cyclized 
with either NaOMe/MeOH or LDA to 5,6-disubstituted 4-hydroxy-3- 
trifluoromethylpyridazines (93H909). 3,4-Diphenyl-5-cyano-6( l//)-pyri- 
dazinethione can be prepared by three routes, one of them involves the 
reaction of benzyl hydrazone with cyanothioacetamide [91PS(56)81], 
Hydrazones of aryl trifluoromethyl 1,2-diketones underwent acid-catalyzed 
self-condensation (in refluxing TFA) to give 3,6-diaryl-4,5-bis(trifluo- 
romethyl)pyridazines. A tentative mechanistic interpretation of this un¬ 
usual synthesis is presented (98H2221). 

3-Arylhydrazones of pentane-2,3,4-trione, when treated with NaH 
and acetyl chloride or chloroacetyl chloride, were transformed into 1- 
aryl-4(l//)-pyridazinones or 2-aryl-3(2//)-pyridazinones, respectively 
[91IJC(B)932; 92IJC(B)273]. 

Pyridazine derivatives were also obtained from hydrazones of ketoglu- 
tarate [94H(37)401] or benzaldehyde arylhydrazones after treatment with 
allyl bromide to give perhydropyridazines (96JHC213). Arylhydrazones 
of 2,3-dichloro-4-oxo-2-butenoic acid gave in acetic anhydride 2-aryl- 
4,5-dichloro-3(2//)-pyridazinones (90CCC2707). 5-Trifluoromethyl-4(l/7)- 
pyridazinones are obtainable from aldehyde dialkylhydrazones, which gave 
with pentafluoropropionic anhydride (better than TFAA) 24 , and cycliza- 
tion to 25 was achieved when 24 were absorbed on silica gel and heated at 
70-90°C (93TL5135). With trichloroacetyl chloride in pyridine related 
4(l//)-pyridazinones were formed (90S467). Thiosemicarbazones of y- 
chlorobutyrophenone, when cyclized in the presence of powdered KOH in 
dichloromethane at room temperature, gave the corresponding pyri- 
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dazinethiocarboxamides 26 (90JHC707). A chlorohydrazone 27 , when 
treated with excess of ethyl vinyl ether, afforded 28 , which after treatment 
with TFA at room temperature gave a mixture of 29 and 30 (major prod¬ 
uct). Deprotection at N1 of 30 with K 2 C0 3 /Me0H gave the fully aromatic 
pyridazine derivative [91JCS(P1)3361]. 

a. 

N CSNHR 
(26) 



COOMe 

(30) 

There are some special synthetic approaches as, for example, the reaction 
between morpholinoenamines of aldehydes and the semicarbazone of oj- 
bromoacetophenone to give 31 . On the other hand, enamines of acyclic ke¬ 
tones gave 32 or 31 . In solution 31 is in fast equilibrium with the open-chain 
compound 33 . If traces of acid are added the equilibrium disappears and 34 
is formed (88G187).The tetrahydro compound 36 was prepared from 35 af¬ 
ter hydrogenolysis and treatment with TFA (98SL1279). Glyoxylate adduct 
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of N-alkylated allyoxycarbonyl carbazate 37 was cyclized in the presence of 
SnCl 2 to the hexahydropyridazine 38 (93T8605). 



CONH 2 

(31) 


Mo = morpholino 





N. 


Cbz NHCbz 
(35) 



(37) 

R = allyloxycarbonyl 



CH 2 Ph 

(38) 


B. Diazo Coupling to Reactive Methylene Compounds 

A great number of pyridazine syntheses involves this traditional reaction, 
followed by ring closure. Substituted enones 39 were transformed after 
coupling and hydrolysis into 40 , which gave with reactive methylene 
groups of compounds such as ethyl cyanoacetate, malonodinitrile, or diethyl 
malonate the corresponding pyridazines 41 (97S91). Similar syntheses 
were reported with coupling products of 1,3-diketones [910PP645; 
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r^Y cho 


(40) 



93JCR(S)358, 930PP293; 94PS(88)147; 97SC2419], 1,3-keto esters 
[89JHC169; 90CCC2977; 96JCR(S)434] or 1,3-cyanoketones [89T3597; 
90ZN(B)389]. Compounds 42 , prepared from potassium salts of cyano or 
ethoxycarbonyl substituted 1-propenes and aryldiazonium tetrafluorobo- 
rates, were transformed into 43 . If the starting compound was ethyl cyano- 
acetate besides the main product (X=0), the imino compound (X=NH) 
was obtained as a result of the attack of the NH group to the cyano group 
(91ZOR1105). 



R = CN, COOEt 
X = O, NH 


(43) 


A number of hydrazones, resulting from coupling of arenediazonium 
salts to unsaturated crotononitriles, afforded after cyclization pyri- 
dazines, for example 44 (89AP535, 89JPR375; 90BCJ652, 90CCC734, 
90LA293; 91AP853; 92PHA418; 93BCJ1722; 95HAC281). In a similar 
manner, arylhydrazones of cinnamoylacetonitrile, when treated with hy- 
droxylamine. gave 45 (94CCC186). From 3-oxo-2-phenylhydrazonobuty- 
ronitriles and reactive methylene compounds various substituted pyri- 
dazines could be prepared.The reaction with ethyl cyanoacetate at 110°C 
gave 46 , whereas at 150-160°C 47 was obtained. In the last case the re¬ 
action between the methylene group and the cyano group takes place 
(89G95). A similar case represents the reaction with malononitrile 
(92CCC1758). 
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(45) 



NNHPh 





Ph 

(47) 


C. Cycloadditions 

There are some examples of cycloadditions of dienes to aza compounds 
as, for example, reactions of substituted trimethylsilyloxybutadienes with 
diethyl azodicarboxylate to give 48 (90JHC2125; 91KGS783; 94JHC967). 
The trimethylsilyloxy substituent in 48 can be transformed into an amino or 
substituted amino group to give the corresponding aminopyridazines. Both 
reactive groups can be in the same molecule and l-alkyl-2-(l-methylene-2- 



(48) 
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propenyl)diazenes dimerize rapidly at room temperature in a regioselective 
manner to give 49 . In the presence of methyl acrylate 49 is again formed to¬ 
gether with 50 in moderate yield (92TL7331). 





Dichlorodiazenes, generated from hydrazones of dichloro or trichloro 
analogs of acetophenone with Hiinig’s base, reacted with electron-rich 
alkenes to give a diastereoisomeric mixture of tetrahydropyridazines which 
were subsequently aromatized with a base to 51 . In some cases also 
pyrroles were formed and the ratio of both types of compounds depends on 
the alkene substituent (95TL5703; 96JOC8921,96TL1351). Representing a 
stable azo compound, 4-phenyl- l,2,4-triazoline-3,5-dione (PTAD) was em¬ 
ployed to produce pyridazine derivatives via cycloadducts (88SC2225; 
98JOC4912). In this manner bis-4,5-adamanty!pyridazine was prepared 
(98JOC4912). Pyridazine-3,4-dicarboxylic acid (or its diester) could be 
obtained in moderate yield using a hetero Diels-Alder reaction between 
a diazadiene and ethyl vinyl ether. The resulting tetrahydropyridazine 
derivative was oxidized in the usual manner and saponified (90JHC579) 
and similarly 3-methylpyridazine-4-carboxylate could be prepared 
(91JHC1043). Alkenyl hydrazides were cyclized with phenylselenyl sulfate 


N -NHCOOEt 

Ar^CRCfe 




R = H, Cl 


R7 = OEt, Mo, piperidinyl 
(51) 
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via the intermediates 52 to hexahydropyridazines 53 together with pyr¬ 
rolidines as minor products. Compounds 53 were partially oxidized during 
the workup into tetrahydropyridazines (97T10591). 





Reactions of ene-hydrazines with DMAD were investigated under various 
reaction conditions. In aqueous MeOH at -8°C the major products were 
tetrahydropyridazines 54. Purification by column chromatography on silicagel 
resulted in the inversion of the configuration of the 4-methoxycarbonyl group. 
In a one-pot reaction of methylhydrazine with 2 equivalents of DMAD in 



(54* 


aqueous MeOH at room temperature the isomeric 55 was obtained as the ma¬ 
jor product (88CB2007). In a simple new method 4-(ohydroxyphenyl)-3(2//)- 
pyridazinones can be prepared by 1,3-dipolar cycloaddition of the in situ pre¬ 
pared diarylnitrilimines and 3-arylidene-2(3//)-benzofuranones. From both 
isomers, £ or Z, the same pyridazine 56 is obtained (97S1495). 



(56) 
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A substantial number of pyridazine preparations is based on the well- 
elaborated cycloaddition process, which employs tetrazines or triazines 
as synthons in the inverse-type Diels-Alder reactions. 3-Phenyl-l,2,4,5- 
tetrazine reacted with 1, 1-donor- and acceptor-substituted ethylenes as 
dienophiles in a regiospecific manner. The orf/io-regioisomer was formed in 
>99.9% yield (90TL6855). When a mixture of 3,6-diaryl-l,2,4,5-tetrazine, el¬ 
emental sulfur, and triethylamine was refluxed in toluene with addition of 
1,4-dihydrotetrazines 3,6-diarylpyridazines were obtained. The formation 
of the latter was explained by the intermediate formation of diethy- 
laminoethylene molecules from triethylamine. The ratio of products varied 
and in the case of diphenyltetrazine 3,6-diphenylpyridazine was the only 
product (91ZOR1123; 97MI6). Pyridazines were obtained from tetrazines 
when using silyl enol ethers. The activating power of a Me 3 SiO group is rel¬ 
atively low and is comparable to that of the MeO group. It was established 
that /rans-dienophiles are more reactive than the cis forms by a factor 
of 1.35-10.7 (92TL8019). From 3-methoxy-6-methylthio-l,2,4,5-tetrazine 
and silyl enol ethers or cyanoalkyl enamines the corresponding 5-phenyl- 
or 5-cyanoalkyl-3-methoxy-6-methylthiopyridazines could be prepared 
(97TL3805). Pyridazines were prepared also from styrenes and the reaction 
kinetics were studied. The second-order rate constants for this reaction in¬ 
crease dramatically in water-rich and acidic media (96JOC2001). Other ex¬ 
amples include the use of methyleneheterocycles to give spiro-substituted 
pyridazines (90KGS1244,90KGS1691; 91KGS1545), the highly reactive 1,3- 
dimethyl 2-cyclopropylideneimidazolidine (89AG1288), an jV-protected in¬ 
dole (97TL8611), bisdienophiles (from cyclooctatriene 57 was obtained) 
(97JPR623), or azolylbutadienes to give in most cases 4-Z-azolylvinyl- 
substituted pyridazines (95JOC4919; 96JOC4423). Also, solid-support- 
immobilized 1,2,4,5-tetrazines were used for reactions with various 
dienophiles (96TL8151). 



(57) 

Extensive studies of preparation of 4-mono- and 4,5-disubstituted pyri¬ 
dazines from 1,2,4,5-tetrazines using donor-substituted alkenes, alkynes, 
ketene aminals, or styrenes were reported by Sauer. Pyridazine itself can 
be prepared from 1,2,4,5-tetrazine and acetylene (27% yield), ethyl vinyl 
ether (78% yield), methyl vinyl sulfide (76% yield), or AGV-dimethylvinyl- 
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amine (61% yield). From kinetic measurements rate constants were deter¬ 
mined and rules were established concerning the influence of steric and 
electronic effects of substituents in the dienophile (98MI1). A checked 
procedure for the synthesis of dimethyl 4-phenylpyridazine-3,6-dicarboxy- 
late was published (920S79). Silyl-, stannyl-, or germanylalkynes were 
used to prepare the corresponding 4-trimethylsilyl-, trimethylgermanyl-, 
or tributyltin-pyridazines (91H1387; 97TL5791; 98T4297, 98TL5873). 
Protected acetylenic sugars were used for the preparation of 4-(/3-D-ribo- 
furanosyl)pyridazines (94AP365). Compounds having two acetylenic or 
ethylenic groups separated by space linkers were also used for the prepa¬ 
ration of the corresponding pyridazines [96JCR(S)448]. 


D. From Other Heterocycles 

Pyridazines have been prepared from a variety of other heterocyclic sys¬ 
tems and in most cases these transformations were specific. The 3(5), 4(5) 
36 , a constituent of the antibiotic antitumor luzopeptin A, was prepared in 
a multistep synthesis from malonaldehyde dimethyl acetal in 32% overall 
yield. In the last step a highly regiospecific nucleophilic ring opening of the 
glycidic acid (oxirane derivative) took place (89JOC3260). In another ex¬ 
ample, c«,tran.v-l,3-cycloundccadienc was transformed in five steps in low 
yield into 59 . In the last step the epoxide 58 was treated with excess of LDA 
(89TL4649). 



Several methods for the preparation of pyridazines from furan deriva¬ 
tives were already known. However, a new method has been developed by 
using furan vinamidinium salts 60 as starting material. They react with 
hydrazine at position 5, thereafter they add to the enamine system 
with subsequent ring opening and ring closure to give 61 (88CCC1297). 



(60) 


(61) 
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From 2.5-dimethoxytctrahydrofuran and hydrazines /V-substituted 
1,4,5,6-tetrahydropyridazines were prepared (97T3707) and from 2,5- 
diacetoxymethylfuran 3,6-bis(hydroxymethyl)pyridazine was obtained 
(96JHC2059). 2-Furanones and 3-furanones as such or with either a meth¬ 
ylene or hydrazone neighboring group were used to prepare 3(2 H)- or 
4(l//)-pyridazinones (88JOC5704; 90H1967, 90KGS1138, 90ZOR2022; 
98T6553). In connection with the synthetic approaches toward the gli- 
dobactin antibiotics the pyridazine derivative 62 was prepared from a fura- 
none derivative in several steps (91T6251). 


OCH 2 Ph 

yV 

, k .NH 


PhCHjO COCF 3 
(62) 



There are some examples when /V-aminopyrroles were transformed into 
pyridazines either in boiling toluene (94ZOR1433) or after treatment with 
a Grignard reagent [96ZN(B)1334; 98S1627]. 

From phenylazo-substituted thiophenes pyridazines were formed with 
hot alkali and the azo group is incorporated in the ring (88M985). With 
bulky groups (adamantyJ,tert-butyI and neopentyl) at positions 4 and 5 sub¬ 
stituted pyridazines were prepared by reacting the corresponding thio¬ 
phenes with PTAD, followed by treatment with alkali and air oxidation and 
nitrogen extrusion [89H(29)1241; 90JA5654; 91PS(59)243; 94TL2709], 

Pyridazines can be prepared from 4,5-dihydroisoxazoles. By reductive 
N-O bond cleavage the resulting a-hydroxy-y-keto esters gave pyridazines 
with hydrazine. The reaction has been extended to the synthesis of a 3(2/7)- 
pyridazinone 6-n-(J-ribofuranosyl derivative (C-nucleoside) (94MI3, 
94S1158). An unusual synthesis of a pyridazine was reported starting from 
3-methyl-1,2-benzisoxazole after treatment with LDA or sec-butyllithium. 
Among other products a dihydropyridazine and its aromatic analog 63 
were isolated. The mechanism of this transformation was delineated and 
the pyridazine ring nitrogens are generated from two isoxazole ring nitro¬ 
gens (89JOC4970). The rearrangement of 3-acetyl-4-aryl-2-pyrazolinones 
into 3-methyl-5-aryl-4(l//)-pyridazinones under various reaction condi¬ 
tions was investigated [95IJC(B)342], The bicyclic pyrazoles 64 , obtained 
from (l-diazo-2-oxoalkyl)silanes and 3,3-dimethyl-l-cyclopropene, exist in 
solution in equilibrium with the pyridazines 65 . In the absence of solvent ei¬ 
ther a mixture of 64 and 65 or only 65 if R=aryl was obtained. The above 
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R 1 R 1 

Rl=Si(/Pr) 3 (65) 

(64) 


isomerization is slow on the NMR time scale, even at higher temperatures. 
If the cyclopropane ring carries an electron-withdrawing group [like 
PO(OMe) 2 or COOMe] the pyridazine 66 is the sole product (92CB1227; 
98JOC9880) /3-Keto esters reacted with hydrazones in absence of solvent 
and under microwave irradiation to give pyridazinones 68 as thermody¬ 
namically controlled products. These are also formed from the kinetically 
controlled product 67 if it is submitted to focused microwave irradiation in 
the presence of piperidine (96T5819). Pyridazines were obtained also by 
ring opening of condensed five- and six-membered heterocycles such as 
isoxazolo[4,5-d]pyridazines (90JHC927), isoxazolo[3,4-d]pyridazines (re¬ 
ductive or oxidative ring cleavage of the isoxazole ring) [89H(29)1595, 
89S213; 91FA873, 91H1173], or l,2,5-oxadiazolo[3,4-d]pyridazines (reduc¬ 
tion to give 4,5-diaminopyridazines) (92JHC87,92LA547).The 3,6-diamino 
analog could be prepared from 6-azidotetrazolo[ 1,5-6]pyridazine after 
treatment with either phosphanes or trimethyl phosphite (91LA1225). The 
bicyclic compound 69 is cleaved with potassium rerf-butoxide at room tern- 
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perature into 70 without racemization with 91% ee (94S66). Derivatives of 
69 (prepared by cycloaddition from 2,4-pentanedienol and PTAD) were 
used to synthesize glycosidase inhibitors 1-azafagonine [(3,4 -trans- 
4,5-/ram)-4,5-dihydroxy-3-hydroxymethylhcxahydropyridazine] and its 5- 
fluoro analog (97MI3,97T9357). 


'Bu o 'Bu 



(69) (70) 


Me 
R = 


rr 

°-^Mc 


There are some reports of transformations of six-membered heterocycles 
into pyridazine derivatives. Traces of pyridazine were detected when 1,2,3- 
triazine was submitted to neat thermolysis at 130°C (92H1183). 1,1-Dioxo- 
1,2-thiazines 71 are transformed upon nitrozation into the mesoionic pyri- 
dazinium salts 72 , but the reaction can also proceed further in such a 
manner that the 6-methyl group is transformed into a hydroxyiminometh- 
ylene group [94AX(C)1150; 95JPR104], Arylhydrazines gave with 73 re¬ 
duced pyridazinones 74 (93H219) and 1,2,4-triazines 75 reacted with 


Me Me 



(73) (74) 
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R 1 



(75) (76) 


cyanomethyl compounds in the presence of potassium tm-butoxide to give 
76 . A ring-opening mechanism was proposed which was substantiated by 
the isolation of an acyclic intermediate (96TL5795). 2,7-Dihydro-l,4,5-thia- 
diazepines are thermally decomposed into pyridazines with evolution of 
H 2 S (89BCJ2608) and when 77 was heated in nitrobenzene at 211°C and in 
the presence of CuI/0 2 it was transformed into 78 (91TL5949). In the case 
of a pyrimido[l,2-b]pyridazine, upon heating with morpholine the pyrimi¬ 
dine part was opened to give 79 with ^-configuration of the side-chain 
(88JHC1535). 



E. Pyridazines Substituted with Another 
Heterocyclic Ring 

A substantial number of pyridazines, substituted with another hetero¬ 
cyclic ring, have been prepared since the late 1980s. It was therefore de¬ 
cided to summarize their preparation in a special section. 

4-(4-Pyridazinyl)-3-substituted /3-lactams were prepared either from 
4-pyridazinecarbaldehyde-derived imines and lithium enolates of a- 
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substituted acetates in reasonable yields (96JHC1731) or from acetylenic 
azetidinones and 3,6-bis(methylthio)-l,2,4,5-tetrazine in a cycloaddition 
reaction (97TL5913). 

5-(Furyl-2)- or 5-(thienyl-2-)-substituted 1,4-dihydropyridazines could 
be prepared from 2-alkoxycarbonyl-l,3-pentanediones (activated methine 
compounds) and l-aminocarbonyl-l,2-diaza-l,3-butadienes (98JOC9880). 
One example of a 5,6-difur-2'-yl-3-(2//)-pyridazinone is prepared from 
difuryl-l,2-diketone, ethyl cyanoacetate, and hydrazine [94PS(86)203j. 
From 3,6-dichloropyridazine and /V-pyrrolylmagnesium bromide, 3- 
chloro-6-(2-pyrrolyl)pyridazine was prepared; attempted disubstitution 
failed (98T9519). A substituted 2-(pyrrol-4-yl)-l,4-keto acid served as 
starting material for 4-heteroaryl-substituted pyridazinone (90MI3). The 
same approach was used for the analogous 3-indolyl compounds 
(93RRC1223). The classic Fischer indole synthesis was applied for the 
preparation of 6-(l//-indol-5-yl)-3(2//)-pyridazinones(90JMC2870) and 
with an indole ring at position 4 substituted pyridazines from 2- or 3- 
vinylindoles by either cycloaddition with a tetrazine (88TL3927; 
89HCA65) or in a related Nef reaction with ethyl acetoacetate and hy¬ 
drazine [93IJC(B)662], A number of thienyl- or benzothienyl-substituted 
pyridazines was prepared as follows (the first number in parenthesis 
refers to the heteroaryl ring position and the second to the pyridazine ring 
position through which both rings are linked). As starting material 1,4- 
keto acids or 1,4-diketones substituted with a thiophene ring were used to 
give the corresponding compounds: 2-3 bonds (91AP455), 2-4 bonds 
[96IJC(B)1097], 2-3 or 2-5 bonds [95JCR(S)306], or 2-3 or 3-3 bonds 
(89JMC528). Compounds 80 were prepared from the corresponding 
thienylidene derivatives of diaroylhydrazines (93CCC1925). In a new ap¬ 
proach 2- or 3-tris(n-butyl) stannylthiophene was coupled with 3-halopy- 
ridazines (3-3 or 2-3 bonds) in a palladium-catalyzed reaction 
[95JCR(S)402, 95JOC748]. Benzo[6]thiophenylpyridazines (2-1 bonds) 
82 were obtained from the 3-cyano or ethoxycarbonyl compounds 81 and 
ethyl cyanoacetate or other compounds with a reactive methylene group 
[95JCR(S)434; 96JCR(S)440], 


CN CN CN 
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Substituted pyridazines with a pyrazole ring were prepared either from 
hydrazinopyridazines and 1,3-keto esters (1-3 bonds) (91RRC657; 
93JHC865; 97JHC389) or from a with y-keto-acid-substituted pyrazole and 
hydrazines (4-4 bonds) [91BCJ2032, 91MI3; 92MI3, 92MI4; 93BCJ477; 
94M1437; 95IJC(B)57,95M1265], In a special case, a camphor-derived pyr¬ 
azole was treated with 3,6-dichloropyridazine or 3-chloro-6-phenylpyri- 
dazine to give 83 or the phenyl analog (95AJC1549). 



(83) 


An imidazole ring can be attached to a pyridazine ring in several ways. In 
one approach 4,5-dicyano-2-diazo-2//-imidazole reacted with a 1,3-diene 
whereupon the pyridazine ring is formed (2-1 bond) [90JCS(P2)1943] and 
in the other protected 5-tris(n-butyl)stannylimidazole was reacted with 
methyl 3-chloropyridazine-6-carboxylate with formation of a 5-3 bond 
(95JMC2925). Benzimidazolo-pyridazinones 84 were prepared from the 
corresponding benzothiadiazolo analog by ring opening and desulfuriza¬ 
tion with Raney-nickel, followed by cyclization of the diamine (93MI4, 
93MI5). A thiazole ring was formed in the usual manner from a bromoke- 
tone and thiourea to give 85 (91JHC1235) and 86 was obtained from 2- 
cyanomethylbenzothiazole and an arylhydrazone of ethyl acetoacetate 
(88AP509). 6-Benzothiazolyl, benzothienyl, and other heteroarylpyri- 
dazines were prepared by standard method from the appropriate y-keto es¬ 
ters and hydrazine (91CPB352). 1,2,4-Triazolylpyridazines (3-4 bond) were 
obtained from 3-amino-4-cyanopyridazine. The cyano group was trans¬ 
formed into an amidrazone group and DMF-DMA was used for cycliza¬ 
tion. Two products, in yields of 20 and 43%, respectively, were obtained but 
no unambiguous structural assignment could be made (91JHC1441). Ring- 



(84) (85) 
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substituted pyridazine 88 with a 1,3,4-thiadiazole was prepared in moderate 
yield from 87 after the methyl group reacted with benzenediazonium chlo¬ 
ride [95PS(102)51]. 


NHCOPh 



Among six-membered heterocycles compound 89 was obtained when N- 
chloroacetyl derivatives of arylhydrazonoacetamides were treated with 
pyridines and the initially quaternization of pyridines is followed by a 
Thorpe-Ziegler cyclization. If the pyridine ring is opened with hydrazine 
hydrate,4,5-diaminopyridazine derivatives are formed (95M341). From 154 
after treatment with cyanoacetamide 3-cyano-5-(4-pyridazinyl)-2(l//)-pyri- 
done was obtained and in a similar transformation from 155 the 6-methyl 
analog was formed (89PHA598). 4-Acetylpyridine, when alkylated with di¬ 
ethyl mesoxalate at the methyl group, afforded a substituted 1,4-keto ester, 
which cyclized into a 6-(4-pyridinyl)pyridazinone derivative (90H2163). 
Two units of 3,6-bis(2-pyridinyl)pyridazine were prepared space separated 
as chelating agent from dipyridyltetrazine by cycloaddition (94TL6745). 

4- Tributylstannylpyridazine was used to react with 2-halopyridine (or 

5- halopyrimidine) to give the corresponding 4-heteroarylpyridazines 
(97TL5791). 



Pyrimidinylpyridazines were prepared either from 90 to give 91 
(96RRC109) or when barbituric acid was reacted with a benzoylacrylic acid 
and the adducts were thereafter cyclized to 92 (94MI2). 
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"W 


T 

Sv^COOH 

CH 2 COAr 

(90) 




A bis-pyridazinyl system 93 was prepared from 1,1,4,4-tetramethoxy- 1,3- 
butadiene and 3,6-dicarbomethoxy-l,2,4,5-tetrazine (93JA8457) and piper- 
azinylpyridazine derivatives (3-1 bond) were prepared from the corre¬ 
sponding 3-chloropyridazines (98JMC311). 

A benzopyran-substituted pyridazine 96 was prepared by reacting the 
epoxide 94 with maleic hydrazide after heating the intermediate product 95 
with NaH in DMSO (90JMC2579). For a related compound, coupling of a 
diazonium salt with an activated methylene group was applied (92G41). 
The classic condensation method of heteroarylsubstituted 1,4-keto esters or 
halo compounds with hydrazine was applied for the preparation of 
quinolylpyridazines(7-l and 6-6 bonds) [88JHC1543; 89H(28)1085], quina- 
zolylpyridazines (7-6 bond) (96JMC297), or 1,4-benzoxazinylpyridazines 
(6-6 bond) [89IJC(B)882; 90JMC380; 91SC271], 



(94) (95) (96) 
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F. Miscellaneous Syntheses 

There are several specific synthetic approaches used to prepare particu¬ 
lar pyridazine derivatives. 3-Amino-4,5-dicyanopyridazines were formed 
[95PS(101)189, 95PS(106)167] from S-methyldithiocarbazate or thiosemi- 
carbazide via an initial intermolecular charge transfer complex. Sterically 
hindered cyclopropenyldiazomethanes were transformed at room temper¬ 
ature or upon heating into sterically crowded pyridazines (with several fen- 
butyl, iso-propyl, adamantyl groups) (91AG1495, 91TL57; 95LA169, 
95LA173). 1-Bromo- and 1,2-dibromocyclopropenes react with diazoal¬ 
kanes to give 97 and these compounds are rearranged in solution into 98 
(98T12897). 



X = alkyl, COOMe (97) X = Br, alkyl, COOMe 

(98) 

Azide-substituted hydrazides 99 (R=Me, Ph) were transformed into bis 
(enolsilanes) with TMSOTf followed by C-C bond formation to give 100 
( trans.cis ratio > 20 : 1) (97JOC5680). Azoalkenes 101 react smoothly at 
room temperature with /3-tricarbonyl compounds 102 (R=Me, OMe) in the 
presence of NaH to give 103 . The ring-closing process is accompanied by 
the cleavage of the A,-substituent and upon aromatization 104 was ob- 



(102) (103) 
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tained (97SL1361). Arylhydrazones of mesoxalonitriles 105 react with the 
methylene group of either glycine 106 (n= 1) or/3-alanine 106 (« = 2) to give 
107 (92PHA792). In a special synthetic route vinyldiazomethanes 108 were 
treated with Ph 3 P at room temperature to give 109 in moderate to good 
yields (95S920). Alkylidenemalononitrile dimers 110 (X=H 2 ), when cou¬ 
pled with diazonium salts, afforded the products 110 (X=NNHAr) and 
these were cyclized in the presence of piperidine in ethanol to pyridazines 
111 (93AP39). In a multistep synthesis enantiomerically pure hexahy- 
dropyridazine-3-carboxylic acid 113 was prepared. In the cyclization step 
the glutamic-acid-derived acetal 112 was cyclized with HC1 to the tetrahy- 
dropyridazine carboxylate, which was then reduced with NaBH 3 CN to 113 



(tit) 


(HO) 



(112) 



194 


KOLAR AND TlSLER 


[Sec. IV. A 


(96S223). G's-3,6-piperidazinedicarboxylic acid 116 could be prepared from 
the adduct 114 which was oxidized with ruthenium tetroxide at 0°C to give, 
after esterification, the ester 115 . Hydrolysis of the latter afforded 116 
(95CPB535). 


H 



H 

R = PhCO 



(114) 


IV. Transformations of Pyridazines 

A. Reactions at the Ring-Carbon Atoms 

Introduction of substituents into pyridazines has been widely investi¬ 
gated and as generally known, the 77 -electron deficiency of the ring facili¬ 
tates nucleophilic reactions. A review on nucleophilic and electrophilic sub¬ 
stitutions at the pyridazine nucleus appeared (94MI4). Since the late 1980s 
metalation followed by the introduction of various substituents has been 
thoroughly investigated. Reviews dealing with the metalation of diazines 
also include pyridazines [94H(37)2149; 95H(40)1055]. A variety of organo- 
lithium reagents was employed and it appears that LDA and LTMP 
(lithium 2,2,6,6-tetramethylpiperidine) are preferred. 

Pyridazine was lithiated with excess of LTMP and after reaction with 
various electrophilic reagents (RCHO, Ph 2 CO, PhSSPh, I 2 ) mixtures of 
3-mono- and 3,6-disubstituted pyridazines were obtained [new substituents: 
RCH(OH), Ph 2 C(OH), PhS, I]. (95JOC3781). Using this procedure N- 
protected 4-aminopyridazines afforded newly substituted compounds at 
position 5. Pyridazine substituted with an oxazoline ring at position 4 
when treated with LTMP and then with acetaldehyde or benz- 
aldehyde afforded a mixture of 3-alkylated (22-24%), 5-alkylated (8%), 
and 6-alkylated (3-7%) products (95JHC841). Pyridazines substituted with 
the same substituent at positions 3 and 6 (dichloro, dimethoxy) were trans¬ 
formed into 4-substituted derivatives (90JHC1377, 90JOC3410; 98SL762). 
The situation became more complicated with different substituents at posi¬ 
tions 3 and 6 and sometimes a mixture of regioisomers was obtained. In the 
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case of 117a and after quenching with aldehydes the isomer 118 
[R 2 =RCH(OH)] was predominant (93T599) and from 117b the major iso¬ 
mer was 119 [R 2 =RCH(OH), Me, I] (98JHC429). From 117f and using Mel 
118 (R 2 =Me) could be prepared (93BSF488). From 117d and TMSC1 the 
trimethylsilyl derivative 118 (R 2 =SiMe 3 ) was obtained (95JHC1057) and 
similar transformations were observed with tosyl azide to give 118 (R 2 =N-j) 
(96MI3,96S838). In an exhaustive investigation of metalation of 117d with 
alkylamides, numerous factors influencing the formation of regioisomers 
were studied (various nucleophiles, nature and amount of alkylamide, vari¬ 
ation of time and temperature, and influence of solvent and concentration). 
Very good regioselectivity was observed when using some hindered bases 
and in such cases the ratio of 119 to 118 was from 91/9 to 99/1 (96T10417). 
In another study 3,6-disubstituted pyridazines were metalated with sec- 
BuLi and afforded 119 (R 2 =^ec-Bu), accompanied with a low amount of 
the 4,5-dihydro product and traces of 118 (R 2 =s , et , -Bu). Less reactive PhLi 
and vinyllithium did not react with 3,6-dichloropyridazine, but with MeLi a 
coupling product, structurally related to 93, was obtained (98SL762). 
Lithiation of 117c followed by reaction with acetaldehyde resulted exclu¬ 
sively in the formation of 118 [R 2 =MeCH(OH)], but with 3-methoxy-6- 
phenylsulfinylpyridazine the same reaction with various electrophiles 
afforded only 5-substituted products 119 (97JHC621). 


R 2 



(117) (118) (119) 


a: H or C'l NHCO-lBu 
■,§}' OMe SO„-/Bu(n= 1,2) 

c: OMe SPh 

d: OMe Cl 

e: Ph Cl 

I: Ph OMe 


Various pyridazines, their 3-oxo or 3,6-dioxo analogs, readily undergo vi¬ 
carious nucleophilic substitution (VNS) with the carbanion of chloromethyl 
p-tolyl sulfone. 2-Phenyl-3(2//)-pyridazinone, of a higher reactivity as an 
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electrophile than pyridazine, gives a mixture of compounds 120 (26%), 121 
(12%), and 122 (15%). Compound 122 resulted via intramolecular S N 2 re¬ 
action in the intermediate a-adduct (92TL4787). Vicarious nucleophilic 
substitution takes place also with pyridazinium IV-dicyanomethylides and 
the phenyl or p-tolylsulfonylmethyl groups are introduced regiospecifically 
at position 4 [95JCS(CC)2067;98JCS(P1)1637]. 



R = p-tolyl ( 121 ) 

(120) 


With a tertiary amino group at position 5 substituted 2-methyl-3(2//)- 
pyridazinones were readily formylated with the Vilsmeier-Haack reagent to 
give 4-formyl derivatives [94H(37)171]. 6-Substituted 4,5-dihydro-3(2//)- 
pyridazinones can be transformed under a base-catalyzed reaction with aro¬ 
matic aldehydes to aromatic 4-arylmethyl derivatives (88ACH631; 89MI3; 
90ACH829). 1,2-Diprotected 1,2,3,6- and 1,2,3,4-tetrahydropyridazines 
were hydroformylated in the presence of various metal complexes to give 
the 3- and 4-aldehydes with simultaneous hydrogenation of the pyridazine 
ring (93JOM229). In the course of the preparation of a pyridazine by deben- 
zylation of 123, up to 20% of 124 was obtained [89H(29)1309]. 



R = ArCO 
(123) 

Alkylation of pyridazines was investigated with the use of organotin 
reagents. Pyridazine or its 3-substituted derivatives react in the presence of 
chloroformate to give 1,6- and 1,4-dihydro adducts 125 and 126 in good 
yields. From pyridazine, 125 and 126 were obtained ina ratio of 1:4.5 if ethyl 
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chloroformate was used, whereas in all other cases the 1,6-dihydro isomer 
prevailed. The adducts were obtained as a mixture of two to four confor¬ 
mational isomers [94CPB1768, 94H(37)709]. Pyridazine, when ethynylated 
with bis(tributylstannyl) acetylene in the presence of alkyl chloroformate, 
afforded 127 (94SL557,94T13089). 



R = COOEt, Me 

R 1 = H, Me, Ph, COOMe 

(125) (126) 


Perfluoroalkylation of pyridazine and its 3-«-C 6 F 13 derivative with n- 
C 6 F b I in the presence of BF 3 -etherate gave, in the case of pyridazine, a 
mixture of 3-substituted and 3,6-disubstituted adducts 128 (R=H) and 129; 
the 3-fluoroalkylated derivative gave only the mono adduct 128 (R=n- 
QF 13 )(91T6231). Pyridazine reacted also with silyl enol ethers in the pres¬ 
ence of alkyl chloroformate to give various proportions of 1,4- and 1,6- 
dihydro adducts. Unsubstituted enolates gave 1,6-adducts exclusively and 
silyl enol ethers with two substituents at vicinal position gave 1,4-adducts as 
the sole product [97H(46)83]. 



(128) (129) 


Halogenation of /V arylpyridazines with different reagents was investi¬ 
gated. With Br 2 in ethanol monobromination occurred and monochlorina¬ 
tion was achieved with sulfuryl chloride in dioxane. Dichlorination oc¬ 
curred with excess of chlorine gas in dichloromethane (90M565). 
Pyridazine showed a surprisingly high dipolarophilic activity toward ben- 
zonitrile oxide at the most polar C=N bond. The cycloadduct formed upon 
standing in solvents undergoes autooxidation in the presence of air and in 
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1-2 weeks 3(2//)-pyridazinone is formed in 90% yield (95T11855; 
96T6421). An alkoxy group can be introduced into the pyridazine ring 
by telesubstitution of the chlorine atom in 130 to give 131 or 132. An 
electron-donating group at position 6 prevents this transforma¬ 
tion (92LA19). 6-Substituted 3(2//)-pyridazinones can be aminated 
straightforwardly with boiling hydrazine hydrate exclusively at position 
4 in moderate to excellent yields. Unsubstituted 3(2//)-pyridazinone 
afforded a mixture of the 4-amino (24%) and 5-amino compounds 
(14%). At higher temperatures (180-190°C in ethylene glycol), the 6-sub- 
stituted derivatives gave in low yield a mixture of the 4-amino derivative 
and 3-hydrazino-6-arylpyridazine [89H(29)1077]. In connection with 
other heteroaromatics, amination of 4-nitropyridazines was reviewed 
(93ACS95). 



(130) (131) (132) 


(133) (134) 

B. Reactions at the Ring-Nitrogen Atoms 

yV-Alkylation or acylation of 3(2//)-pyridazinones by standard proce¬ 
dures afforded derivatives with unambiguous structure, whereas pyri- 
dazines can yield either N r or lV 2 -substituted products. Pyridazine-4- 
carboxamide, when alkylated with 5-iodovaleric acid or related acids, 
yielded a mixture of both N r and JV 2 -regioisomers in the ratio of 1:1.25 or 
1:1. They were not separated (95AP307; 96PHA76). Alkylation of 3-(2- 
pyrrolyl)pyridazine afforded the A r alkylated product, as evidenced from 
X-ray analysis [96AX(C)1002], 

Many 3(2/f)-pyridazinones were A-alkylated in search for compounds 
of biological activity [88CPB1558; 89CPB2832, 89MI1, 89MI7; 91MI1; 
92FA37; 94MI9; 95AF947; 96CPB980; 97BMC(5)655], 2-Aminoalkyl- 
3(2//)-pyridazinones were prepared by /V-alkylation with tertiary 
chloroalkylamines by three different methods (92MI7). 4,5-Dichloro- or 
4,5-dibromo-6(l/f)-pyridazinones were oxopropylated with chloroace- 
tone at position 1, but 4,5-dichloromaleic hydrazide afforded a mixture 
of the 1-alkylated and 1,2-dialkylated products in 33 and 56% yields, re¬ 
spectively (97JHC1307). Compound 133 was transformed upon alkyla- 
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tion into 134, obtainable also by direct alkylation of the 1-unsubstituted 
compound. Transformation of 133 to 134 proceeded via fragmentation 
of the retro-ene type in the first step followed by Af,-alkylation. 
Compound 133 reacted with a,<o-dibromoalkanes to give 135 and 136 
or 137 (with 1,2-dibromoethane) as the main products (96JHC245, 
96JHC615; 97JHC1135). 3-Aminopyridazines reacted with 3-methoxy-5- 
(chloromethyl)isoxazole or -isothiazole to give muscimol or thiomusci- 
mole derivatives of pyridazine 138 (92JMC4092). In searching for en- 
dothelin receptor antagonists, pyridazinones or their 4,5-dihydro analogs 
were alkylated in the presence of cesium carbonate to give 139 and these 
were further functionalized at the carboxy group into acylsulfonamides 
[97BMC(7)275]. 



Pyridazine-3,6-dione has been alkylated at both nitrogens. Side-chains 
were introduced which in the last step allowed the formation of crown 
ethers 140 (97KGS1693). Pyridazine-based crown ethers were also ob¬ 
tained from commercially available crown ethers and 3,6-dichloropyri- 
dazine to give (V-mono- or /V, /V'-diheteroarylated products [92JOC542; 
93MI2:95JCS(Pl)2497].The macrocycle 141 was prepared from maleic hy- 
drazide and a,a'-dibromo-o-xylene (93ZOR911). 
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x 1, 2, 3 
y=l,2 

(140) 



(141) 



OROR 

(142) 


From 3-hydrazino-6(l/f)-pyridazinone and protected /3-D-ribofuranose 
the nucleoside 142 (R=Bz) was prepared and after deprotection with 
sodium methoxide 142 (R=H) was obtained (89MI6).The pyridazine ana¬ 
log of 2'-deoxycitidine was synthesized from 3-methoxy-6-chloropyridazine 
by intramolecular glycosylation of 143. Compound 143 was treated with 
Me 2 S(SMe)BF 4 and the oxonium intermediate was hydrolyzed to give the 
2'-deoxynucleoside 144 (95MI4). 



Pyridazines were N-acylated with benzyl chloroformate [92JCS(P1)409], 
chloroacetic anhydride (93JOC633), sulfonyl chloride (93FA1427), and iso¬ 
cyanates (95ZOB37). 1-Aminopyridazinium nitrate was prepared from 
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pyridazine with hydroxylamine-O-sulfonic acid and barium nitrate in the 
presence of barium oxide in 34% yield (92JOC1585) and 3,6-dimethylpyri- 
dazine was /V-aminated with O-(hydroxylamino) mesitylenesulfonate 
(92LA777). A series of substituted pyridazine A-oxides was prepared with 
peroxyacetic acid. In the case of 3-methyl-4-phenylpyridazine two isomeric 
A-oxides were obtained in a ratio of about 1:1. From 3-methyl-4-aryl-6- 
chloropyridazines only the 2-oxides were formed (96FA683; 97FA67). 
Pyridazine A-oxide was formed (70%) together with A-(perfluorobu- 
tanoyl)pyridazinium-l-amide (20%) when pyridazine reacted with perflu- 
oro(2-butyl-3-propyloxaziridine) at -60°C. Pyridazine behaved as a nucle¬ 
ophile and attacked the three-membered ring either at the oxygen or 
nitrogen atom of the three-membered ring [96JCS(P1)2517], 


C. Reactions of Functional Groups 

Substitution of halogen atom(s) of halopyridazines with amines, alco- 
holates, or thiolates still has been the dominant transformation of pyri- 
dazines since the late 1980s. Nevertheless, there are some novel reactions. 

In the series of monohalopyridazines, 3-methoxy-6-phenylpyridazine, a 
precursor of the antidepressant minaprine, was prepared by arylation of 3- 
methoxy-6-chloropyridazine by Pd-catalyzed coupling with PhB(OH) 2 _ 
(93BSF488). 3-Fluoro-6-phenylpyridazine could be obtained in high yield 
from the chloro analog after treatment with PBu 4 HF 2 or PBu 4 H 2 F 3 without 
solvent at 140°C (92H1507). In search for biologically active compounds 
pyridazines with an amino group containing a side-chain were prepared 
from various 3-chloropyridazines in the usual manner (88CPB5000; 
90AP207; 91MI5; 92H225; 94MI10; 96AF800; 98TL841). Similarly, substitu¬ 
tion reactions of 3-chlorine atom took place with glycidyl ethers (91MI9) 
and benzyl alcohols in the presence of potassium terf-butoxide. In the case 
of phenol, the tert-butoxy derivative was obtained instead of the phenoxy 
derivative (96TL4065). Various 5-halo-substituted l-methyl-6(l//)-pyri- 
dazinones with different substituents at position 4 were catalytically de- 
halogenated. If an azido group was at position 4, this was first reduced to an 
amine, followed by dehalogenation (98JHC819). 1,2-Disubstituted 4- and 5- 
bromopyridazine-3,6-diones reacted with sodium arylthiolates in dry DMF 
at room temperature to give ipso substitution products (4- or 5-), but they 
react with sodium benzenethiolate in dry MeOH at room temperature to 
give both ipso and cine substitution products (91PJC1085; 92PJC935). 

In the series of dihalopyridazines the majority of transformations were 
carried out with 3,6-dichloropyridazines. Various groups could be attached 
through halogen exchange to the pyridazine nucleus with formation of a 
C-C bond. Examples include a reactive methyl group (preparation of pyri- 
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dazine analog of the natural thyroid hormone thyronine) [88CI(L)109, 
88JCS(P1)3085, 88JCS(P1)3097, 88JCS(P1)3103]. The reaction with phe- 
nylacetonitrile was used for the syntheses of phenyl 3-pyridazinyl ke¬ 
tone (94SC773) or its 2-fluorophenyl analog [94H(38)125], preparation 
of 3-indolylpyridazine (90JOC5418), and 3,6-bis-(perfluorooctyl)pyri- 
dazine (95JFC113). From 3,6-dichloro-(dibromo or diiodo) pyridazine and 
activated methylene-phosphonic or -phosphinic acids various 145 were 
prepared [94H(38)2695] and 3,6-diiodopyridazine yielded 3,6-(diphenyl- 
ethinyl)pyridazine in a Pd- and Cu-catalyzed reaction (91CJC972). Fluo- 
rination of 3,6-dichloropyridazine with fresh HF at 100°C afforded a mix- 


CN 



(145) 


ture of the 3-fluoro-(44%) and 3,6-difluoro (56%) compounds (93CL509). 
Regioselectivity in substituted 3,6-dichloropyridazines with an alkoxy, 
amino, or piperidino group were studied and depending on the reaction 
conditions the nucleophile can displace either the chlorine atom at posi¬ 
tions 3 or 6 [92PHA679; 94PHA575; 97H(45)2385], Of the three chlorine 
atoms of 146, the 3-chlorine atom was selectively substituted with alky- 
lamines or cyclopropylamine to give 147 (97AP29, 97JHC1421). The reac¬ 
tion between 3,6-dichloropyridazine and tertiary amines proceeded with 
dealkylation. When using alkyl dimethylamines, the methyl group usually 
becomes the leaving group, exceptions are the benzyl or dimethy- 
laminomethyl groups, which are eliminated rather than the methyl group 
(92SC787). 3,6-Dichloropyridazine was used as starting material when 



(146) 


(147) 
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reacting with piperazine or substituted piperazines(92AP187, 92MI8; 
93MI6), theophylline (91AP999), aminobenzodioxanes (89AP833), glyc- 
idyl ether (94CPB1609), 4-phenoxyphenoxide (95MI2), polyethyleneglycol 
(96S609), aminophenols (94MI1; 95MI1), hydroxy (or mercapto) alkyl- 
amines (95CPB247), and 4-mercaptophenol (92MI1). With 1,2- or 1,3- 
alkanedithiols or thioalkanedithiols, pyridazine-ring-containing macrocy¬ 
cles of various sizes were prepared (92CJC1886, 92CJC2709; 93CJC1086, 
93IC4063). 

There have been many investigations concerning the reactivity of the 4,5- 
diha!o-3(2//)-pyridazinones. It has been generally accepted that the halo¬ 
gen at position 5 is preferentially substituted. This has been the case in sev¬ 
eral recent investigations on A-protected derivatives when using alkoxides, 
phenol, or nitrogen nucleophiles (89M329; 92JHC825; 93BMC2713; 
94JHC1199; 95AP654.95JHC1473,95MI5; 96JHC1579; 97MI4; 98JHC595, 
98JHC601). The kinetics of hydrolysis is in accord with these findings 
(89MI4). Detailed investigations of solvent effect concerning the product 
distribution revealed that in nonpolar solvents when using alkoxides only 4- 
substitution occurred, in moderately polar solvents (acetone, 2-propanol) 
mixtures of both isomers are formed, and in polar solvents (DMF, DMSO) 
only the 5-isomer was obtained. The only exception was acetonitrile in 
which a 3:2 mixture of the 4- and 5-isomers was formed. Similar results were 
found when using thiols (88JHC1757) or amines and the substituent at po¬ 
sition 2 of the pyridazine ring influences the substitution ratio (93H519, 
93H785; 96JHC583). With Ph 2 PLi at -78°C both chlorine atoms were sub¬ 
stituted (97ZOB1651). 

Regioselectivity was observed also when 3,4- or 3,5-dichloropyri- 
dazines were treated with thiolates and substitution occurred at posi¬ 
tion 4 in the first case and at position 5 in the second case (88JHC1719; 
90PJC741). 

In the group of polyhalopyridazines 3,4,5-trichloropyridazine reacted 
with alcoholic ammonia at 125°C to give a mixture of the 5-amino (26%) 
and 4-amino (33%) derivatives (95JHC1423). Tetrafluoropyridazine, when 
treated with hexafluoroacetone in the presence of CsF at 110°C for 3 days, 
gave the 4-substituted product in low yield (91OPP760). 

Reactions on the alkyl chains or cyano groups attached to the pyridazine 
nucleus are mainly relegated to methyl groups. 3-Methyl- or 4-methyl- 
pyridazines were lithiated and subsequently reacted with alkyl halogenides, 
aldehydes, ketones, or phenyl isothiocyanate to give addition products in 
moderate yields [90SL227; 92G503; 94H(39)271]. However, a carbanion of 
3-methyl-6(l//)-pyridazinone could not be formed satisfactorily with 
strong bases and instead 148 was used, the carbanion was added to 149, and 
the adduct was decomplexed with DDQ to give 150 (89JOMC14). 3- 
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Propylpyridazine was deprotonated and added to 4-methoxybenzophenone 
(98MI2). 6-Arylmethyl-3(2//)-pyridazinones were reacted with mercuric 
acetate in acetic acid to give a monomercuri derivative, whereas from 4,5- 
dihydro-3(2//)-pyridazinone a bis-pyridazine mercuri compound was 
formed(89MI2). 4-MethyIpyridazine reacted with ninhydrin to give the 
adduct 151, but the 3-methyl analog added initially two molecules of nin¬ 
hydrin to give finally the spiro compound 152 (96H1665). 



Methyl groups at various positions in the pyridazine ring were condensed 
with aldehydes to afford styryl derivatives (95JPR347, 95PHA788, 
95PJC1642,95T1585) and 3-methylpyridazine with phthalic anhydride gave 
153 [92JCR(S)176]. 4-Methylpyridazine, when submitted to Vilsmeier- 
Haack formylation afforded 154 and with LDA and 1-acetylimidazole the 
ketone 155 was obtained (89PHA598). 


o 



(154) (155) 


(153) 
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Some pyridazinecarbonitriles can be hydrolyzed with the use of immobi¬ 
lized biocatalyst and, for example, 6-methylpyridazine-3-carbonitrile gave 
the acid after 288 h reaction time in good yield (92JHC93). From 3- 
cyanopyridazine and phenylmagnesium chloride phenyl (3-pyridazinyl) ke¬ 
tone can be prepared (89JHC1787), but from 4-cyano-3(2//)-pyridazinone 
a mixture of the expected phenyl ketone (20%) and 4-phenyl-3(2//)- 
pyridazinone (70%) was obtained (91T8573). By oxidative decyanation of 
156 the ketones 157 were prepared (93JHC1685). Phenyl 4-pyridazinyl 
ketone reacted in a Wittig-type reaction to afford alkenes almost exclu¬ 
sively in the Z configuration (91M1055) and its oxime was alkylated with 
ethyl w-bromoalkanoates to give a mixture of the E and Z isomers 
(96JMC4058). Ketone 159 could be prepared upon catalytic hydrogenation 
and ring opening of 158 (92AP119). There are also some reports describing 
reactions on the side-chain of pyridazinium ylids (93MC58; 95ACS778; 
97T4411) or on the A-(2-oxopropyl) group (91JHC385, 91JHC2079). O- 
Debenzoylation of the nucleosides of the 142 (R=Bz) type was studied and 
complete deprotection can be achieved with KCN/MeOH (89MI5). 


CN 



(158) (159) 


For formyl and carboxyl groups, 3,6-diformylpyridazine, prepared by 
an improved synthesis, was condensed with 1,3-diaminopropane with 
formation of a 44-membered macrocyclic ring with four pyridazine 
units [94JCS(CC)487; 96JCS(CC)2579, 96JCS(D)2117]. The 3- and 4- 
pyridazinecarbaldehydes were reacted with a variety of compounds 
with a reactive methylene group under the conditions of Knoevenagel- 
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Wittig-I lomer-Emmcns-, and Hantzsch-type reactions. For compounds 
where E, Z isomerism is possible, the E configuration was established 
for all cases studied (90JHC1313). The same aldehydes and 3- and 4- 
pyridazinyl alkyl ketones were reacted with thiosemicarbazides, with methyl 
hydrazinecarbodithioates or with arylsulfonylhydrazides (89AF1196; 
92JMC3288; 96MI1). From 4-pyridazinecarbaldehyde and silyloxyketene ac¬ 
etals protected pyridazinylisoserines 160 and 161 were prepared (96H1057). 
Pyridazinyl aryl or heteroaryl ketones were prepared from 3-pyridazinecar- 
boxylic acid via its chloride or ester (90JHC1645; 91JHC1189; 92JHC1583). 
3,6-Dichloro-4-pyridazinecarbonyl chloride was used in a Friedel-Crafts reac¬ 
tion to acylate various aromatic compounds (88HCA988). A podand with two 
pyridazine rings was prepared from cesium salt of 4-pyridazinecarboxylic acid 
and a,w-dichloropo!yether (90S773). The anticipated straightforward trans¬ 
formation of an ester into the acid hydrazide was found complicated in case of 
3-chloro-6-ethoxycarbonylpyridazine since at elevated temperature the main 
products were the 3-hydrazino-6-ester,3-hydrazino-6-acid, and 3-hydrazino-6- 
acylhydrazide. The 3-chIoro-6-acylhydrazide compound was obtained with 
ethanolic hydrazine at room temperature (94CPB371). 

NHR NHR 

N ^\^\/COOEi N ^J\^.COOEt 

N^J r' r 1 


R = p- MeOPh, PhCH 2 
Rl -OTBDMS 


(160) (161) 

For nitrogen-containing functional groups, a nitro group at position 3 or 
4 in the pyridazine ring is easily displaced and transformed into a halogen 
atom, an alkylthio, substituted amino, or hydroxy group (94M18, 94S669; 
96JHC1915,96MI4; 97FA173). Compound 162 reacted in a Diels-Alder re¬ 
action with cyclohexa-1,3-diene to give 163. After cycloaddition the tricyclic 
adduct undergoes loss of HN0 2 and concomitant ring opening into 163 
(93TL161). 



(162) 


(163) 
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The mesylation of 3-amino-6-chloropyridazine gave exclusively the N, 
/V-dimesylated product: no mesylation occurred on the ring-nitrogen 
atom (89M131). Aminopyridazines were treated with dansyl chloride 
(97JMC996) or BOC-glycine in the presence of DCC (88AP309) to give the 
corresponding amides. 3-Pyridazinyl thioureas were transformed with 
iodomethane under phase-transfer conditions into the corresponding car- 
bodiimides (95JHC13). 

3-Hydrazinopyridazines are transformed in a simple and generally ap¬ 
plicable method into 3-aminopyridazines after hydrogenolysis with Al/Ni 
alloy (92JOC3257). The hydrazino group is transformed into a meth- 
oxy group with thallium(III) nitrate trihydrate in MeOH (95JOC1466) 
and AyV-dimethylaminomethylene-hydrazinopyridazines are formed 
with Vilsmeier reagent (94T12933). The chlorine atom in 3-chloro-6- 
hydrazinopyridazine is practically unreactive toward nucleophiles but it can 
be activated after the hydrazino group is transformed into a triphenyl- 
methylazo group (890PP125). 5-Hydrazino-3(2//)-pyridazinones usually 
react with DMAD to give bicyclic products, whereas the N, A'-disubstituted 
analogs gave only the Michael adducts [91JCS(P1)991]. A hydrazino group 
has been also found to react with pentoses or hexoses or unsubstituted or 
substituted methyl l-amino-3-dimethylaminopropenoates (97JHC1115, 
97JHC1629). 

Aminopyridazines can be obtained in a general transformation in high 
yields either from azidopyridazines or tetrazolo[l,5-b]pyridazines with 
triphenylphosphine (Staudinger reaction). The intermediate phosphazenes 
can be hydrolyzed according to three methods (89S666). 

For oxygen and other heteroatom-containing functional groups from 
perhydro 3(2//)-pyridazinone after mesylation 3-methanesulfonate was ob¬ 
tained and its stability is unexpectedly high in light of the fact that lactams 
do not form isolable mesylates (96BMC77).The hydroxy group at position 
5 was readily transformed into derivatives of thiophosphoric acid or re¬ 
placed with an amino, azido group, or chlorine atom (90JHC471). 
Pyridazine-3-triflates are useful starting material for the formation 
of 3-alkynylpyridazines [coupling with alkynes in presence of Pd(PPh 3 ) 2 - 
Cl 2 ] or carbomethoxy derivatives (reaction with CO in the presence of 
Pd complex) [94H(38)1273; 96H1459; review: 94M15]. Reaction of 3,6- 
dimethoxypyridazine with hydrazine was reinvestigated and it was shown 
that it proceeds via 4-amination and not as previously reported at posi¬ 
tion 5 (93H1313). The 3- and 4-methoxypyridazines react with phenyl- 
acetonitrile under basic conditions to give the corresponding ace¬ 
tonitriles 164, which can be oxidized with oxygen and in the presence 
of NaH to the corresponding benzoylpyridazines 165 (90H895). 3- 
Pyridazinylmethyloligonucleotides can be transformed with snake venom 
phosphodiesterase into mononucleotides (90JA5252). 3-Hydroxy- or mer- 
capto-pyridazines were esterified with /V-phthaly! amino acids and 4-trib- 
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CN 



(164) (165) 


utylstannylpyridazines were useful synthons to give, with bromine or chlo¬ 
rine, the halogenated pyridazines (98T4297). 


D. Radical Reactions 

There are some new reports concerning radical chlorination 
(88JOC5704) or bromination at the pyridazine ring although in some cases 
iV-methyl bromination product prevails (96MI5). Several reports deal with 
homolytic alkylation with radicals generated in situ from alcohols, car¬ 
boxylic acids [88JOC5704; 91JHC583; 95H(41)1461], or acylation to yield 
pyridazinyl ketones or ethoxycarbonylated products (88M751; 89JHC933; 
93TL3903; 96H151). A reinvestigation of the reaction of pyridazine with 
Grignard reagents revealed that the reaction proceeds by homolytic mech¬ 
anism and a variety of compounds was formed in low yields, such as 3- and 
4-alkyl dihydropyridazines and in some cases alkyl and dialkylpyrroles 
(90ACS279). 


E. Oxidations and Reductions 

Pyridazine and its 3-methyl analog undergo oxidative biotransformation 
in rats into monohydroxylated pyridazines, 4,5-dihydroxypyridazine, and its 
dihydro analogs (89PHA625). £-3-(4-Pyridazinyl)acrylate afforded with m- 
CPBA a mixture of 1- (30%) and 2-oxide (40%) and even with excess of m- 
CPBA no epoxide on the side-chain was formed (96H1057). Pyridazine de¬ 
rivatives containing a primary or secondary alcoholic group can be oxidized 
to the corresponding aldehydes, ketones, or acids with the use of DMSO ac¬ 
tivated by oxalyl chloride (96JHC2059), Se0 2 , or preferentially with Mn0 2 
(90JHC1377; 95JHC1057; 97CPB1151). Photochemical oxygen-atom trans¬ 
fer from 166 to Emorfazone (an analgesic anti-inflammatory agent) 167a 
has revealed that 166 behaves as an efficient agent for both dehydrogena¬ 
tion and oxygenation. In addition to deoxygenated 166 and starting 167a 
four compounds were formed: the tetrahydro analog 167b (14%), com¬ 
pound 168 (2%), and two pyrazolones (28 and 30% yields) by unprece- 
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dented photo-oxidative pyridazine ring contraction (88CPB1714). 
The same agent when applied to 3-methylpyridazine 2-oxide was found 
to act via an “oxene” mechanism [90JCS(P1)863, 90JCS(P1)3339]. 4- 
Arylmethylpyridazines were oxidized to the corresponding ketones with 
Na 2 Cr 2 0 7 in AcOH [91ZN(B)1720]. Dihydropyridazines were efficiently 
aromatized under mild conditions with CuCl 2 in MeCN via halogenation 
and spontaneous elimination of HC1 (95S1240), with CAN (96PHA528), or 
by activated Mn0 2 (93CPB156). 

One double bond of 1,4-dihydropyridazines can be selectively reduced 
with triethylsilane in TFA (96PHA528); tetrahydropyridazines can be re¬ 
duced to the perhydro analogs by hydroboration (91AKZ259), hydrogena¬ 
tion [93JCS(CC)1179], or electrochemical reduction (90MI2). 3,3,6,6- 
Tetramethyl-3,4,5,6-tetrahydropyridazine-l-oxide was first deoxygenated 
and then reduced to the hexahydropyridazine derivative with benzhydryl 
radicals (89JA1830). 4,5-Dicyanopyridazine was transformed into 4- 
cyanopyridazine via the 1,4-dihydro derivative and elimination of HCN by 
reaction with cyclohexa-1,4-diene at 110°C; hydrogen transfer from cyclo- 
hexadiene takes place (96JOC6028). Azidopyridazines are efficiently re¬ 
duced to the amino compounds either with H 2 S (96S838) or with triphe- 
nylphosphine (89S666). 


F. Ring Opening and Rearrangements 

Thermal decomposition of pyridazine was investigated by IR laser pho¬ 
tolysis. Only acetylene and HCN were detected by GC-MS in a ratio of 1:2 
[98JCS(P2)269], TV-Protected 1,2,3,6-tetrahydropyridazines are readily 
isomerized into their 1,2,3,4-tetrahydro analogs in the presence of ruthe¬ 
nium complexes (88JOM215). An unusual transformation of 169 with 
trimethylsilyl triflate (TMST) was observed. The resulting naphthylpropi- 
onic acid 171 is formed via a spiro compound 170, which was isolated in one 
case (93TL3777; 94MI3). Compound 172, obtained by chlorination, is 
unstable and on silica gel column ring opening and decarboxylation led to 
173 (90M565). Conversion of 4,5-dicyanopyridazine into substituted 1,2- 
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dicyanobenzenes takes place with various alkenes, alkynes, or enamines 
as [4 +2]-cycloaddition and elimination of nitrogen [95JCS(CC)2201; 
97T11711; 98T1809,98T10851]. 

Compound 14, when treated with benzaldehyde, was rearranged into an 
A-aminopyrrolidone derivative [93JCS(P1)1931] and mechanistic interpre¬ 
tation is presented. A previously reported pyridazine-pyrazole contraction 
was investigated using labeled pyridazine; a carbonium ion is proposed as a 
reasonable intermediate (89JHC1009). 1-Alkoxycarbonylaminopyrroles 
were obtained after treatment of l-alkoxycarbonyl-l,4-dihydropyridazines 
with TFA (98JOC9880). At a level of dichlorination of 2-phenyl-6-hydroxy- 
3(2//)-pyridazinone rearrangement to A-aminopyrrole-2,5-diones takes 
place (89JHC1649). Pyridazine 174 to pyridine 175 transformation was ob¬ 



served with hydrazine (97PS133) and after 1,3-dipolar cycloaddition with 2- 
diazopropane 2-methyl-6-phenyl-3(2//)-pyridazinone yielded, among other 
products, 176. Yields vary, depending on the solvent polarity (90T6915). 
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(176) 


0,N and 0,S rearrangement of 3- or 4-alkoxypyridazines to a neighbor¬ 
ing ring-nitrogen atom or a neighboring thiol group has been recorded 
[89H(29)67; 96CCC437], In an attempted cyclization with NaH in DMF 177 
was transformed into 178 [94H(38)2081]. 



(177) (178) 


G. Photochemical and Other Transformations 

3-Isopropyl-4,5,6-fer(-butylpyridazine, which exists in the twist conforma¬ 
tion, is transformed upon photolysis into the corresponding 1,2-Dewar- 
pyridazine, which is stable (91AG1495). Irradiation of the ketone 179 with 
UV light produces about 10% of 180 (92JA1838). Photooxidative decom¬ 
position of 3,3,6,6-tetraalkyl-substituted perhydropyridazines was investi¬ 
gated and it was found that decomposition is stereospecific and that the 1,4- 
biradical determined the stereochemical outcome and not the 1,4-cation 
radical. Cyclobutane and 1-butene derivatives were products identified 
(93JA4925). 



(179) 


(180) 
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Bis-cinchona alkaloid complexes with a 3,6-pyridazine bridge and 1,4- 
dihydroquinidyl- or 1,4-dihydroquinilyl-pyridazines were studied in the 
osmium-catalyzed enantioselective dihydroxylation of alkenes and were 
useful for the kinetic resolution of 1-substituted allylic alcohols (93JA3828, 
93JA12579; 94TL543,94TL2861,94TL6559; 95JA10817; 96TA2805). 

Stable l-(6-aryl-3-pyridazinyl)-3-hydroxypyridinium chlorides gave with 
triethylamine unstable hydroxypyridinium betaines, which were trans¬ 
formed into unstable dimers.They could not be isolated but their formation 
was monitored by IR technique (92CCC1951,92PJC1015). 


V. Theoretical Aspects and Physical Properties 

A. Calculations 

Pyridazine and its derivatives have been extensively studied by a variety 
of computational methods to correlate the predicted values of their physi¬ 
cal properties with the measured ones. As for other azines also for pyri¬ 
dazine several methods were used to calculate its thermodynamic stability, 
molecular geometry, electron density distribution, ionization potentials, and 
dipole moments (89KGS1587; 91RRC399) and the significance of different 
criteria for assessing the 7r-electron delocalization were also reviewed 
(92H1631). 

Molecular geometry and harmonic force field determined by ab initio 
Hartree-Fock calculations showed a lower aromatic character of pyri¬ 
dazine than expected earlier (93JPC1356). The geometries of some car¬ 
diotonic dihydropyridazines were optimized by the MNDO MO method 
[95JST(332)171] or with the Allinger’s MM2(85) program (90JMC1591). 
The properties of the pyridazine it —» n* and n -> v* singly excited states 
were calculated by CASSCF method (92JPC9204) and its fundamental 
molecular vibration frequencies were determined by MP2 and DFT meth¬ 
ods (95MI6; 98MI3). Static dipole polarizabilities and dipole moments of 
pyridazine and other azines were predicted by ab initio electron-correlated 
calculations and found to be in good agreement with the experimental data 
(94MI6,94MP557). The accurate ionization energy and correct ordering of 
the cationic state of pyridazine were calculated by P3 quasi-particle method 
(96JCP2762). The quantum yield of the triplet formation of pyridazine in 
the liquid phase at room temperature was measured by a transient grading 
method: a relatively small quantum yield and very short triplet lifetime 
were observed compared to those in the solid phase [92CPL(189)560]. 

The aromaticity of pyridazine was studied by the spin-coupled theory 
and it was shown that the Kekule structure with singlet coupling of n- 
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electrons on the adjacent nitrogen atoms contributes 20.5%; the other 
Kekule form has an occupation number of 54% and both Dewar structures 
contribute only 8.5% each [89JCS(P2)255]. Similarly the aromaticity of 
pyridazine was estimated by principal component analysis (PCA) (89JA7). 
A unified aromaticity scale was introduced for several azines and for pyri¬ 
dazine the aromaticity index (/ A ) was estimated as I A = 79 (for pyrimi¬ 
dine I A = 84 and for pyrazine l A = 83) (92T335). The aromaticity indices 
were also calculated for 4,5-dichloro-3(2//)-pyridazinone, 3(2//)-pyri- 
dazinethione (92T857), and for one pyridazinium betaine [94H(37)249]. 
The measured 'H-NMR long-range coupling constants 4 *l M e.H5 and 4 Jmc.h.i 
for 4-methylpyridazine were also used to estimate the extent of 77 -electron 
delocalization in the pyridazine ring (92JHC935). In addition, the aro¬ 
maticity descriptors were used in the experimental design of pharmacolog¬ 
ically interesting pyridazines (93QSAR146). 

The C-H and N-H deprotonation of pyridazine (92MI5, 92ZOB2319) 
and its methyl derivatives were calculated by INDO and AMI methods 
(92ZOB2100).The AMI method was also used to calculate the aromatiza- 
tion energy and heats of formation of pyridazine [89H(28)1135], 

Density functional calculations were used to determine protonation 
enthalpies, geometric parameters, and dipole moments of pyridazine 
(94T2405) as well as the total energy values for 4,5-dichIoro-2-methyl- 
3(2//)-pyridazinone [94H(38)1957], The same physical properties were cal¬ 
culated also by MM3 force-field methods (93JA11906) and by statistical 
methods based on spectroscopic data (94JIC195). 

Theoretical methods were used to predict the course of some trans¬ 
formations and nature of reaction intermediates involving pyridazines, 
i.e.,the intermediate of bis(dihydroxyquininidine)-3,6-pyridazine osmium- 
catalyzed dihydroxylation of styrene was characterized theoretically by 
IMOMM calculations (97JOC7892). In a similar fashion the regiochemistry 
of the [3 + 2] cycloaddition of pyridazinium ylids to acrylates and propio- 
lates (96T8853) and the formation of pyridazines in Diels-Alder reactions 
of 1,2,4,5-tetrazines with acetylenes (93JA1353) were studied. The gas- 
phase pyrolysis of 3-ethoxypyridazine (92MI6) and thermal decomposition 
of pyridazine were also studied theoretically [95JCS(F1)1587]. 

Pyridazine was evaluated for hydrogen bond acceptor properties of 
its ring nitrogens on the basis of computed molecular electrostatic pro¬ 
perties [94JCS(P2)199] and as a proton acceptor against 4-nitrophenol 
[89JCS(P2)1355]. The solute proton donor and acceptor scales were de¬ 
signed on the basis of the hydrogen bond acceptor behavior of pyridazine 
and other heterocycles for the use in drug design (94JP0743). Pyridazine 
complexing ability was measured [95JST(354)141] and charge-transfer 
complexes with iodine were investigated spectrometrically (96MI2). Stable 
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monolayers at the air-water interface were formed between cyclic dimers 
of long-chain derivatives of Kemp’s acid, which served as a molecular cleft 
for the specific binding of pyridazine (91JA7342). Pyridazines with a sub¬ 
stituted phenyl or biphenyl group at position 6 and a hexyl side-chain at po¬ 
sition 3 show mesophase behavior (94NJC643). Compound 181, prepared 
from 3-chloro-6-methoxypyridazine and 2-methyl-6-trimethylstannylpyri- 
dine in the presence of Pd(PPh 3 ) 4 , is self-organized in the presence of 
AgCF 3 S0 3 into a supramolecular network consisting of parallel vertical 
and horizontal chains complexed with the silver ligand (94AG2432). 


Me Me 



(181) 

B. Basicity and Tautomerism 

Tautomerism of substituted pyridazinones and pyridazinethiones has 
been extensively studied by theoretical and experimental methods. In the 
case of “maleic hydrazide” the computational methods predicted the 
monohydroxy monoketo tautomer to be predominant in the gaseous phase 
as well as in aqueous solution where the solvation was predicted to stabilize 
the diketo form [93JCS(P2)331]. Infrared spectroscopy-based studies in 
low-temperature inert gas matrices of 3(2//)-pyridazinone and its thio ana¬ 
log showed that the stability of the thiol form with respect to the thione 
form was considerably higher than that of the hydroxy form with respect to 
the oxo form (92JPC6250). Although in the case of 3(2//)-pyridazinethione 
in inert gas matrices the thione form was present exclusively, the compound 
underwent UV-induced photoisomerization in matrices, giving predomi¬ 
nantly the thiol tautomer (91JPC2404). Similarly, on basis of their IR spec¬ 
tra, 3(2//)-pyridazinone and its 4,5-dichloro derivative were found to exist 
only in lactam forms in the solid phase, but in dioxane an equilibrium with 
the lactim form exists (97MI8). For 6-(p-bromophenyl)-3(2//)-pyridazi- 
none the lactim form was found to be predominant in strongly alkaline so¬ 
lutions. whereas at neutral pH the equilibration with the lactam form exists 
(94RRC991). The equilibria between 6-arylpyridazine-3(2//)-thiones and 
their tautomeric iminothiol forms were also investigated by IR (92PS299). 
For the first time, in an argon matrix at low temperature, 3-hydroxypyri- 
dazine was isolated and at higher temperatures it was transformed into 
3(2//)-pyridazinone [90SA(A)1087], From their IR and UV spectra as well 
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as the pK u values of 2,4- and 2,5-disubstituted 3(2//)-pyridazinones it was 
established that the latter form strong intramolecular hydrogen bonds, S- 
H""0, but the 5-thiols exist only as such (88MI2). The tautomerism of four 
isomeric hydroxypyridazine IV-oxides was studied theoretically by high- 
level ab initio methods. Hydroxy /V-oxide tautomers were predicted to be 
substantially favored in case of 3-hydroxy- and 5-hydroxy-pyridazine 1- 
oxides both in solution and in gas phase, but 6-hydroxypyridazine 1 -oxide 
was predicted to be favored as Af-hydroxy-oxo tautomer in both phases; 
however, no firm conclusion has been reached for 4-hydroxypyridazine 1 - 
oxide (97MI7). 

The observed basicity of pyridazine was interpreted by several computa¬ 
tional methods; with ab initio SCF-MO calculations it was found that the 
magnitude of e homo parallels the observed basicity [95JST(339)255] and the 
pK„ value of pyridazine in water solution was correlated with the total 
atomic charge and the ionization potential, calculated by the MOSP 
method (92RRC819). Protonation constants were determined by poten- 
tiometry and UV spectrophotometry for some pharmacologically interest¬ 
ing substituted 3-amino-6-phenylpyridazines. Their basicity was strongly 
dependent on the nature of both the substitutents on the pyridazine ring 
and on the side-chain [90JCS(P2)1191; 94JCR(S)4]. 


C. Spectra 

Both ‘H- and I3 C-NMR spectroscopy has been used to study the struc¬ 
tural properties of several pyridazines. The molecular structure of pyri¬ 
dazine was investigated by direct couplings obtained from the NMR spec¬ 
tra recorded in an oriented nematic liquid-crystal solvent. These 
measurements combined with microwave and electron diffraction data 
gave the mean C-C bond length in pyridazine (139.5 pm), which was found 
to be closely comparable to that in benzene, and the N-N and C-N bond 
lengths of pyridazine were found to be very similar in the gas phase 
(90MI5). Deuterium isotope effects on the l3 C-NMR shifts on the ring-car¬ 
bon atoms of pyridazine were investigated and it was found that one-bond 
isotope shifts reflect the MNDO MO calculated C-H bond lengths, two- 
bond shifts depend on the nature of the observed sites, and three-bond 
shifts are controlled by the hetero atoms existing in the coupling pathway 
(92BCJ2894). The °C-NMR spectrum of pyridazine was simulated by a 
parametric computational technique and the high predictive ability of this 
method was found also for other azines (95AJC1267)./4b initio calculations 
based on nuclear shielding tensors in 13 C- and 15 N-NMR spectra of pyri¬ 
dazine and other azines and the correlation effects were found to consis- 
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tently increase the isotropic shieldings [92CPL(197)59]. The l7 0-NMR 
chemical shifts were also measured for pyridazine /V-oxide and compared 
with the values of other diazine N-oxides (89T3613). 

The 13 C-NMR spectra were recorded and unambigously assigned for N- 
methylpyridazinium iodide (96MRC728) and a large set of 3,6-disubsti- 
tuted and 2,4,5-trisubstituted pyridazines (90MRC380; 91CJC972). The aza 
effect was measured in ,3 C-NMR spectra of 3- and 4-acetylpyridazine 
(93KGS202) and protonation of some dihydropyridazines in concentrated 
sulfuric acid was also studied by 13 C-NMR (90KGS960).The ,3 C-NMR and 
NOE measurements were used to determine the stereochemistry of several 
biologically active pyridazines and oximes of aryl 3- and 4-pyridazinyl ke¬ 
tones [89H(29)1399; 91CCC2251; 93MI1; 96H151; 97JMC4420]. Electron 
donor-acceptor interactions between pyridazine and various aromatic hy¬ 
drocarbons were also studied by NMR. Pyridazine was found to be a weak 
electron acceptor in the complexes studied (89AJC1313). 

Fragmentation patterns in electron impact mass spectra were studied of 
various 4,5-dihydro-3(2//)-pyridazinones (91OMS1082), of some pyri- 
dazinyl phosphinothioates [94PS(91 )9], and of 3- and 4-substituted pyri¬ 
dazines, where a clear differentiation between isomers on the basis of their 
fragmentation was possible (910MS595, 91RCM421). In general it was 
found that 3- and 4-substituted pyridazines gave highly stable molecular 
ions in their El mass spectra (91MI2). 

High-pressure mass spectrometry was used to measure the equilibration 
constants for the electron transfer between di- and polyalkylpyridazines 
and their cation radicals (88JA7945). Mass-resolved excitation spectrum 
was also used to determine the lifetime of the Rydberg state of pyridazine 
(95JCP4907). 

Infrared and Raman spectra of pyridazine in the vapor and condensed 
phases were recorded using both parallel and perpendicular polarization of 
light (98MI3). With the aim to correctly assign the vibrational spectra of 
pyridazine the vibrational frequencies and geometry were calculated by the 
B3LYP method (96JPC6973). The chloro substitutents in 3,6-dichloropyri- 
dazine were found to shift the vibrational frequencies of the pyridazine ring 
to higher frequencies when compared to those for pyridazine itself 
(94MI7). Infrared spectra of 3-methyl- and 3,4,5-trichloropyridazine were 
also studied (91MI6). Vibrational frequencies of 3,6-dichloropyridazine 
were studied by laser spectrum at 200-4000 cm' 1 and assigned assuming the 
C 2v point group symmetry (93MI3). 

Several new, low-lying electronic states of pyridazine were identified by 
comparison of its V/UV spectra and near-threshold electron-energy-loss 
spectra (91MI7) and (tt, n) states of pyridazine were studied theoretically 
by ah initio CIS calculations of its electronic spectrum (95CP183). 
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Gas-electron diffraction spectroscopy was used to determine the gas-phase 
molecular structure of 3,6-dichloropyridazine [97JCS(P2)857]. The depo¬ 
larized Rayleigh spectrum of pyridazine was recorded from 267 to 347 K. 
The observed nonlinearity between the Stokes-Einstein-Debye plot of 
reorientation time vs viscosity/temperature was attributed to increasing 
dipole-dipole interactions at lower temperatures (90MI1). Resonance mul¬ 
tiphoton ionization spectroscopy (REMPI) was used to locate the lowest 
Rydberg state B 2 n-3s of pyridazine (92JSP215) and pyridazine was also in¬ 
vestigated by the degenerated four-wave mixing (DFWM) technique and 
its DFWM spectrum was found to be in good agreement with the previ¬ 
ously reported absorption spectra (97CPL272).The adsorption of pyri¬ 
dazine and pyridazine-4-carboxylic acid from aqueous solutions at well- 
defined Pt(lll) electrode surfaces was studied by Auger spectroscopy and 
surface vibrational spectra of the adsorbed layers were obtained by en¬ 
ergy-loss spectroscopy (EELS) (90L1273). The influence of the ring sub¬ 
stituents on the electron absorption spectra of some pyridazinium ylides 
was studied (93RRC759) and further studies by electron absorption spec¬ 
troscopy and electron diffusion spectroscopy showed that pyridazinium 
ylids, depending on the nature of the solvent, are able to take part in dipo¬ 
lar orientation induction interactions as well as in proton donor-acceptor 
interactions [93MI7; 94JCP419], 


D. X-Ray Structure Determinations 

The crystal structures of many pyridazines were determined to sup¬ 
port structure/activity relationship predictions of some biologically active 
compounds and also to determine some structural parameters of the 
compounds studied. The structures of anticonvulsant drugs l-[6-(2- 
chlorophenyl)-3-pyridazinyl]piperidin-4-ol [89AX(C)102] and l-[6-(4- 
chloro-2-methylphenyl)pyridazin-3-yl]piperidin-4-ol [89JCS(P2)449] as 
well as the 6-phenyl-substituted 3(2//)-pyridazinone-derived cardiovascu¬ 
lar agents [94AX(B)71], vasodilator Prizidilol [94AX(B)68], and an antivi¬ 
ral drug, 4-{2-[l-(6-methyl-3-pyridazinyl)-4-piperidinyl]ethoxy} benzoate 
[91 AX(C)1517], were determined. Employing X-ray structural analysis the 
binding of the 3,6-disubstituted pyridazine possessing the tetrazole sub¬ 
stituent to human rhinovirus (HRV14) was also studied [95AX(D)496]. 

The X-ray structure of pyridazine itself at 100 K showed that the de¬ 
termined valence angles agreed closely to those obtained by combined 
analysis of electron diffraction, microwave, and liquid-crystal NMR 
data. Significant differences were, however, observed in bond lengths, which 
were attributed to the crystal packing effect [91 AX(C)1933], An X-ray 
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analysis of 3-isopropyl-4,5,6-tert-butylpyridazine revealed that the pyridazine 
ring exists in a twist conformation (91AG1495). The X-ray structures 
were also determined for 3-chloro-6-methoxy-5-tosylmethylpyridazine 
[92AX(C)1504]; 3-chloro-5-tosylmethylpyridazine (94PJC255); 4-chloro- 
3,6-bis(chloromethyl) pyridazine, where the shortening of the pyridazine 
C4-C5 bond was observed [89AX(C)1327]; 5-(2-chlorobenzyl)-6-methyI- 
3(2//)pyridazinone [95AX(C)1834]; and 4-(hydroxyimino)-2-methyl-l-(2- 
phenylethyl)hexahydropyridazine (93IZV539). The previously attributed 
structure to 5-arylidene-4,5-dihydropyridazines 12 has been reinvestigated 
and on the basis of 'H-NMR NOE measurements and X-ray analysis these 
compounds should be represented as aromatic pyridazine tautomers 13 
(95AJC1601). 

Employing X-ray analysis, the structures of some of the reaction prod¬ 
ucts of ethyl (Z)-5-aryl-2-diazo-5-hydroxy-3-oxopent-4-enoates with 
triphenylphosphine were determined as 6-aryl-3-ethoxycarbonyl-4-hydrox- 
ypyridazines (97MI2). The reaction product of two molecules of 6-(2- 
thienyl)-2,3,4,5-tetrahydro-3-pyridazinone with one molecule of hydrazine 
hydrate was also characterized and the N-N bond between two pyridazine 
rings in a dimeric structure of the product was found to be partially double 
(88MI1). X-ray analysis also revealed the nonplanarity of the pyridazine 
ring in [7](3,6)pyridazinophane 59 (89TL4649). In an unusual transforma¬ 
tion of triazolopyridazine 69 with potassium terf-butoxide the hexahy- 
dropyridazine 70 was obtained with 91% ee and its absolute stereochem¬ 
istry was determined on the basis of the X-ray structure of its precursor 69 
(94S66). The structure of the mesoionic pyridazinium sulfonate 72 , unex¬ 
pectedly formed by ring transformation of lX. 6 ,2-thiazine 71 , was also ob¬ 
tained by X-ray analysis [94AX(C)1150]. Pyridazinylphosphonic acids 145 
were analyzed and in crystalline form they exist in the Z configuration 
[94H(38)2695]. Products of pyridazine transformations 178 [94H(38)2081] 
and 152 (96H1665) were determined by X-ray analysis. 

Polymorphism was studied in the cases of 3-amino-l-(m-trifluoro- 
methylphenyl)-6-methyl-4(l//)-pyridazinone (92JPS836) and of “maleic hy- 
drazide,” where its new polymorph was investigated [93AX(C)36]. Hydrogen 
bonding in crystal structures was studied with four substituted 3(2//)-pyridazi- 
nones: extensive hydrogen bonding was found in crystalline structures of 5- 
methyl- and 6-methyl-3(2/Y)-pyridazinones; 4-methyl-3(2//)-pyridazinone 
forms hydrogen-bound dimers [96AX(C)2622], Conformational studies in the 
solid state were performed with some partially unsaturated pyridazine-1,2-di- 
carboxylates, where it was found that diethyl 3,6-diphenyl- 1,2-dihydropyri- 
dazine-l,2-dicarboxylate adopts a twist-boat conformation, whereas diethyl 3,6- 
diphenyl-l,2,3,6-tetrahydro-pyridazine-l,2-dicarboxylate adopts in the solid 
state the half-chair conformation—the same as in solution [89JCS(P2)1887]. 
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I. Introduction 

This is the second part of the review on the chemistry of 1,2,4- 
triazolopyrimidines.The first part [99AHC(73)131] was devoted to survey¬ 
ing the chemistry of one of the four possible systems of this class of com¬ 
pounds, namely l,2,4-triazolo[4,3-a]pyrimidines. The third and last part 
should comprise the chemistry of l,2,4-triazolo[l,5-c]pyrimidines and will 
be published in a forthcoming volume of this series. G. Fischer has recently 
reviewed the chemistry of the fourth system, l,2,4-triazolo[l,5-a]pyrim- 
idines [93AHC(57)81], 

To coincide with the organization of the first part [99AHC(73)131], this 
chapter is also classified into five major sections: Introduction, Synthesis, 
Reactions, Spectral properties, and Applications. The literature has been 
searched to issue number 10 volume 129,1998 of Chemical Abstracts. 


II. Synthesis 

Many members of the l,2,4-triazolo[4,3-c]pyrimidines were shown to 
possess very interesting biological activities and medicinal applications 
(Section V). Yet, the body of published work on the synthesis of these com¬ 
pounds revealed that it is the least studied of the four 1,2,4-triazolopyrimi- 
dine systems. This is due, most probably, to their facile transformation un¬ 
der most of the utilized conditions of synthesis to the corresponding 
thermodynamically more stable l,2,4-triazolo[l,5-c]pyrimidine regioiso- 
mers (Dimroth-like rearrangement). l,2,4-Triazolo[4,3-c]pyrimidines have 
been synthesized using the following general approaches: (1) annulation of 
the 1,2,4-triazole ring onto a pyrimidine structure; (2) annulation of the 
pyrimidine ring onto a 1,2,4-triazole structure; (3) concurrent formation of 
both of the 1,2,4-triazole and pyrimidine rings, and (4) rearrangement of 
pyrimido [5,4-e] 1,2,4-triazines. 
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A. Synthesis by Annulation of the 1,2,4-Triazole Ring onto 
a Pyrimidine Structure 

This approach has been implemented by cyclization of suitable pyrimi¬ 
dine derivatives as explained in the following schematic presentations: 

(1) Two-bond formation through (4 + 1) heterocyclization of pyrimidine 
derivatives bearing two nitrogen atoms at C4 or C6 [4(6)-hydrazinopyrim- 
idines] by reaction with one-carbon cyclizing reagents (aldehydes, acids, or 
acid derivatives) (Scheme 1). 

(2) Two-bond formation through (2 + 3) heterocyclization of pyrimidine 
derivatives carrying a good leaving group at C4 or C6 [e.g., 4(6)-halo- or mer- 
captopyrimidines] with reagents containing one carbon and two adjacent ni¬ 
trogen atoms (e.g., arylidenehydrazines and acylhydrazines) (Scheme 2). 

(3) Two-bond formation through (3 + 2) heterocyclization of pyrimidine 
derivatives carrying one nitrogen at C4 or C6 [4(6)-aminopyrimidines] by 
reaction with reagents containing one carbon and one nitrogen atoms (e.g., 
imidate esters) (Scheme 3). 

(4) One-bond formation by thermolytic cyclization of 4-(tetrazol-2- 
yl)pyrimidines (Scheme 4). 

1. Cyclization of 4(6)-Hydrazinopyrimidines by Reaction with 
One-Carbon Cyclizing Reagents 

Condensation of 4(6)-hydrazinopyrimidines (1) with aryl or heterocyclic 
aldehydes gave the corresponding 4(6)-arylidenehydrazinopyrimidines 

2 . Oxidative cyclization of 2 with lead tetraacetate (57JCS727; 71GEP- 
2004713) or with ethanolic iron (III) chloride [94JCR(S)412] afforded the 
respective 3-substituted l,2,4-triazolo[4,3-c]pyrimidines 3 (Scheme 5). 

Nitrozation of 6-benzylidenehydrazino-3-methyluracil 4 took place with 
concurrent cyclization to 5. The latter was also obtained from the nitroso 
and the nitro derivatives 6 and 7 upon treatment with a mixture of sodium 
or potassium nitrate and acetic and sulfuric acids (75CPB1885) (Scheme 6). 

Aldehyde acetals have also been utilized to accomplish cyclization of 
4(6)-hydrazinopyrimidines such as 8 to 9 (76S833; 81USP4269980) 
(Scheme 7). 



Scheme 1 
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LG = leaving group 

Scheme 2 
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l-Substituted-2,3-dihydro-l,2,4-triazolo[4,3-c]pyrimidines \\ and 13 

were obtained as a result of cyclocondensation and simultaneous hy- 
droxymethylation of 10 (89AP599) and cyclocondensation of 12 with 
formaldehyde (92PJC131) (Scheme 8). 

l,2,4-Triazolo[4,3-c]pyrimidines 16 were prepared by cyclization of 4- 
hydrazinopyrimidines carrying various substituents ( 14 ) with carboxylic 
acids. Whereas cyclization with formic acid afforded the 3-unsubstituted 16 
(R=H) (60G1821, 60G1830; 66JOC900; 75JHC551; 89MI1; 91AKZ448, 
91MI1; 93EUP521768), cyclization with other carboxylic acids gave the 3- 
substituted 16 (R=alkyl or aryl) (56JPJ804; 60GEP1074589; 80AJC1147; 



Ar = 4-CIC 6 H 4 


Scheme 7 


O) 
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89MI1). This cyclization was also performed with acid chlorides 
(60GEP1074589; 66MI1; 70CB3278) as well as acid anhydrides (56JPJ804; 
60GEP1074589; 66MI1; 71MI1; 78PJC37; 89PHA604; 98TL3865). Occa¬ 
sionally, it was possible to isolate the acylhydrazinopyrimidine intermedi¬ 
ates 15 (56JPJ804; 60GEP1074589; 66JOC900,66M11; 70CB3278; 90T3897; 
98TL3865), which were dehydrocyclized in a separate step to 16 by further 
heating with the same carboxylic acid (56JPJ804;66JOC900), a mineral acid 
(98TL3865), by fusion (60GEP1074589), or by heating with phosphoryl 
chloride (70CB3278; 90T3897) (Scheme 9). 


^ jj* Y RCOOH, fusion, 
orPOCtj/heat 

r3 H R 3 


R 1 



(15) 

R = H, alkyl, or Ph ; r 1 = OH, SH, or Me; R 2 or R 3 = H or alkyl 

Scheme 9 


(14) 


(16) 



Sec. 11. A] 


CHEMISTRY OF 1,2,4-TRIAZOLOPYRIMIDINES II 


249 


Contradictory results have sometimes been encountered regarding 
the assignment of structures of compounds prepared according to this 
method due to the ease of rearrangement of l,2,4-triazolo[4,3-c]pyrimi- 
dines to l,2,4-triazolo[l,5-c]pyrimidines under the acidic reaction condi¬ 
tions (Dimroth rearrangement, Section III,A). Thus, whereas La Noce 
and Giuliani (75JHC551) explicitly stated that such a rearrangement 
did not take place, Brown et al. (79AJC1585; 80AJC1147) showed, on the 
basis of 'H-NMR studies, that it did take place. An interesting result re¬ 
ported the synthesis of the 6-(2-deoxy-/3-D-ribofuranosyl)-l,2,4-triazolo- 
[4,3-c]pyrimidin-5-one nucleosides 19 by cyclization of the corresponding 
hydrazinopyrimidine nucleosides 18 with formic or acetic acids; neither 
the sugar-heterocycle bond hydrolysis of 18 or 19 nor a Dimroth re¬ 
arrangement of 19 were observed under the acidic reaction conditions 
(89MI1; 91MI1) (Scheme 10). 

Carboxylic acid esters (89PHA604; 90T3897; 93KGS1545), dithioesters 
[89H(28)239], imidic acid esters, and thioesters (89JHC991) were also uti¬ 
lized as one-carbon cyclizing agents to bring about heterocyclization of 4- 
hydrazinopyrimidines to l,2,4-triazolo[4,3-c]pyrimidines. 

Reaction of 14 with acid orthoesters gave 16 through cyclocondensa¬ 
tion of the occasionally isolable l-ethoxyalkylidene-2-(pyrimidin-4-yl)- 
hydrazine intermediates 20 [70JCS(C)139; 71AJC633; 72JCS(P1)2316; 
75JHC551; 76S833; 78AJC2505; 79AJC1585; 80AJC1147; 84EUP121341; 
85USP4532242; 86TL3127, 86USP4591588; 89JHC687; 90H(31)277; 
92KGS225; 94JMC2371]. In one case, however, the formation of the 3-alkyl- 
3-ethoxy-2,3-dihydro-l,2,4-triazolo[4,3-c]pyrimidine 21 as a result of in¬ 
tramolecular additive cyclization of the corresponding 20 was reported 
[72JCS(P1)2316] (Scheme 11). 



R = H or Me; R 1 = 1-1 or Me 


Scheme 10 
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The 2-unsubstituted l,2,4-triazolo[l,5-c]pyrimidines 22 (R=H) were 
sometimes formed as a result of Dimroth rearrangement of the transient 16 
(R=H) [76S833; 80AJC1147; 89JHC687; 90H(31)277] (Scheme 11). 

3-Oxo-l,2,4-triazolo[4,3-c]pyrimidines ( 25 ) were prepared by cyclization 
of the 4-(2-ethoxycarbonylhydrazino)pyrimidines 23 by heating with an 
aqueous solution of sodium hydrogen carbonate (63JOC2257) or phospho- 
ryl chloride (65JCS3357) or by heating in dichlorobenzene (65JCS3357). 
Compounds 23 were synthesized from 4-hydrazinopyrimidines ( 14 ) and 
ethyl chloroformate (63JOC2257; 65JCS3357) or from 2-chloropyrimidines 
( 24 ) and ethoxycarbonylhydrazine (65JCS3357) (Scheme 12). 

Cyclocarbonylation of 4-hydrazinopyrimidines ( 14 ) with phosgene also 
gave 25 (65JCS3357; 68JOC530; 85USP4528288), which may rearrange 
under reaction conditions to the regioisomeric 3-oxo-l,2,4-triazolo[l,5-c]- 
pyrimidines 26 (85USP4528288) (Scheme 13). 

Cyclocarbonylation of 14 has also been made with l,l'-carbonyldiimidazole 
(94JMC2371) or by heating with urea in the presence of /V-mcthylpyrrolidinc 
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Scheme 12 


(96JHC1307). Whereas the former cyclization afforded 25 , the latter gave 26 
as a result of Dimroth rearrangement of the initially formed 25 (Scheme 14). 

Reaction of carbon disulfide with 4-hydrazinopyrimidine ( 14 ) afforded 
the 3-thioxo-l,2,4-triazolo[4,3-c]pyrimidines 28 . The reaction has usually 
been carried out in an alcohol in the absence (64BRP951652; 94JMC2371; 
95MIP2) or in the presence of triethylamine (65JCS3369; 75JHC551; 
95MIP3), potassium or sodium hydroxide [66MI1; 79AJC2713; 89JHC313; 
94JCR(S)412], or sodium ethoxide (89EUP343752; 95MIP1). Compounds 
28 are usually the end-products of this reaction, yet rearrangement to the 
regioisomeric 2-thioxo-l,2,4-triazolo[l,5-c]pyrimidines 29 has sometimes 
been reported (64BRP951652; 89EUP343752; 94JMC2371) (Scheme 15). 

Cyclization of 14 with cyanogen chloride or cyanogen bromide in aque¬ 
ous ethanol in the presence of sodium carbonate or sodium acetate is the 


FT 

z ° 

COCIj / HCI; 

R 1 

rearrang. N ^ N \ 

R 3 H 

-1 1 NH - 

COCI 2 / AcOH, NaOAc; r2 JL / 

or COCI 2 / toluene N 

R 3 

— 

R 3 

(14) 

(25) 

(26) 


Scheme 13 
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Im-C-Im = 1,1 '-carbonyldiimidazole; NMP = AMnethylpyrrolidine 


method of choice for the preparation of the 3-amino-1,2,4-triazolo[4,3- 
c]pyrimidines 31 (61BRP859287; 62BRP898408; 63JCS5642). Carrying out 
this cyclization in aqueous hydrochloric acid usually affords the 2-amino- 
l,2,4-triazolo[l,5-c]pyrimidines 30 presumably through the intermediacy of 
the respective 31 (85GEP3427823; 90JMC1230) (Scheme 16). 

Condensation of 14 with methyl isocyanate gave the l-(pyrimidin-4-yl)- 
4-methylsemicarbazides 32 which cyclodehydrated to the 3-methylamino- 



(28) 


(29) 
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Scheme 16 


1 ,2,4-triazolo[4,3-c]pynmidines 33 that isomerized to the [1,5-c] regioiso- 
mers 34 (62BRP897870) (Scheme 17). 

The mesoionic l-alkyl-3-alkylamino-l,2,4-triazolo[4,3-c]pyrimidines 37 
were obtained by cyclization of the l,4-dialkyl-l-(pyrimidin-4-yl)thio- 



SCHEME 17 
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R 3 R 4 

(35) 

(36) 

Scheme 18 

(37) 


semicarbazides 36 with dicyclohexylcarbodiimide (DCC) [97JCS(P2)49] 
(Scheme 18). 

The 3-arylamino-l,2,4-triazolo[4,3-c]pyrimidines 40 were regiospecifi- 
cally formed upon cyclization of 14 with N- aryl phosgenimines (aryl iso¬ 
cyanide dichlorides). Rearrangement to the respective [1,5-c] isomers did 
not occur and the structure ( 40 ) was corroborated by X-ray diffraction 
analysis (90T3897) (Scheme 19). 

2. Cyclization of Pyrimidines Carrying a Good Leaving Group at 
C4 or C6 by Reaction with Reagents Containing One Carbon and 
Two Adjacent Nitrogen Atoms 

Cyclocondensation of the 2-amino-5-alkyl-4-chloro-5-phenylpyrimidines 
41 with formylhydrazine gave the corresponding l,2,4-triazolo[4,3-c]pyrim- 



SCHEME 


19 


(39) 


(40) 
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idines 43 (81GEP3029871) or a mixture of 43 and their [1,5-c] regioisomers 
44 (83USP4405780) (Scheme 20). 

Reaction of cytidine (45a) or 2'-deoxycytidine (45b) with diformylhy- 
drazine (46) in the presence of trimethylsilyl chloride as a Lewis acid gave 
the 6-glycosyl-l,2,4-triazolo[4,3-c]pyrimidin-5-ones 50. The 1,2,4-triazolyl 
moiety of the initially formed 4-(l,2,4-triazol-4-yl)pyrimidine derivatives 
47 underwent displacement with diformylhydrazine to give the 4 (1,2- 
diformylhydrazino)pyrimidines 49, which then cyclized to 50 (Scheme 21) 
(95JOC7066). 

The preparation of the previously mentioned 3-oxo-l,2,4-triazolo[4,3- 
c]pyrimidine (25) from 4-chloropyrimidines (24) and ethoxycarbonylhy- 
drazine (65JCS3357) (see Scheme 12) also belongs to this approach. 

3. Cyclization of 4(6)-Aminopyrimidines by Reaction with 
Reagents Containing One Carbon and One Nitrogen Atom 

Cyclization of cytidine (45a), cytosine (45c), or cytidine-5-phosphate 
(45d), with ethyl acetimidate gave the respective 5,6-dihydro-3-methyl- 
l,2,4-triazolo[4,3-c]pyrimidine-5-ones 51 (78MI1) (Scheme 22). 

4. Thermolytic Cyclization of 4-(Tetrazol-2-yl)pyrimidines 

Thermolysis of 4-(5-phenyltetrazol-2-yl)pyrimidines (53), obtained from 
4-chloropyrimidines (24) and 5-phenyltetrazole (52), gave the correspond¬ 
ing 2-phenyl-l,2,4-triazolo[4,3-c]pyrimidines 55 as a result of cyclization of 



R R 

(43) (44) 
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Scheme 23 


the nitrilimine intermediates 54 (77TL2187; 78TL2071) (Scheme 23). This 
route amounts to cyclization of 4-chloropyrimidines (24) with benzoylhy- 
drazine. 

B. Synthesis by Annulation of the Pyrimidine Ring onto a 
1,2,4-Triazole Structure 

1,2,4-Triazolo[4,3-fl]pyrimidines have frequently been synthesized by this 
approach, which involves the facile cyclization of 3-amino-l,2,4-triazoles 
with three-carbon cyclizing fragments through two-bond formation. In the 
case of l,2,4-triazolo[4,3-c]pyrimidines, however, the comparable synthetic 
approach has been studied only meagerly. So far, only two reaction path¬ 
ways were utilized: (1) Two-bond formation through (5 + 1) heterocycliz- 
tion of 1,2,4-triazoles carrying an appendage of two carbons and one nitro¬ 
gen at C3 by reaction with one-carbon cyclizing reagents (Scheme 24) and 
(2) One-bond formation by intramolecular cyclization of 1,2,4-triazoles 
having a -C-C-N-C- appendage at C3 (Scheme 25). 



Scheme 24 
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1. Cyclization of 3-(2-Aminophenyl)-l,2,4-triazoles by Reaction 
with One-Carbon Cyclizing Reagents 

The pentacyclic benzo-bis{l,2,4-triazolo[4,3-c]pyrimidine} 60 was pre¬ 
pared from 4,6-dinitroisophthaloyl dichloride (56) and benzimidrazone 
(57) as shown in scheme 26 (76MI1). 

2. Intramolecular Cyclization of l,2,4-Triazoles Having 
a -C-C-N-C- Appendage at C3 

Treatment of the 8-chloro-3-methyl-l,2,4-triazolo[4,3-c]pyrimidine 61 
with aqueous acids caused pyrimidine ring opening to give the 2 -chloro- 
l-formamido-2-(5-methyl-l,2,4-triazolo-3-yl)ethene 62. The latter un¬ 
derwent thermal dehydrative recyclization to the starting 61 
[89H(28)239], The corresponding l,2,4-triazolo[l,5-c]pyrimidine regio- 
isomer 63 has not been formed during this reaction probably due to the 
electron-releasing effect of the C5 methyl group in 62, which renders the 



Scheme 26 
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Me 



(61) (62) (63) 

Scheme 27 


adjacent N4 of the triazole ring more nucleophilic as compared to N2 
(Scheme 27). 


C. Synthesis by Concurrent Formation of Both of the 
1,2,4-Tri azole and Pyrimidine Rings 

Cyclization of the 2,2-dichloromalonic acid dipyrrolidine diimidoyl 
dichloride 64 with hydrazine hydrate caused concurrent double ring closure 
to afford the 8,8-dichloro-3,5-dipyrrolidino-l,2,4-triazolo[4,3-c]pyrimidin- 
7(8//)-one 66 as explained in scheme 28 (86CB129). 

Reaction of 7V-[bis(methylthio)methylene]cyanamide (67) with the 7V 1 - 
acylamidrazones (68) at elevated temperature gave directly the corre¬ 
sponding l,2,4-triazolo[4,3-c]pyrimidines 69. Carrying out the reaction 
between 67 and 68 at ambient temperature in the presence of potassium 
carbonate afforded the 4-acylhydrazino-pyrimidines 70, which were dehy- 
dratively cyclized to 69 by heating in dimethylsulfoxide (92JHC1341) 
(Scheme 29). 



(64) (65) (66) 


r ”0 

Scheme 28 
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R = Me, Me 2 CH, PhCHg, 4-CIC 6 H 4 CH 2 , Ph, 4-O z NC 6 H 4 , 4-Pyridyl 


Scheme 29 


D. Synthesis by Rearrangement of 
PYRiMiDo[5,4-e] 1 ,2,4 -tetrazines 

Hydrogenation of the antibiotic reumycin {6-methylpyrimido[5,4-e]- 
l,2,4-triazine-5,7-dione) 71 in acetic anhydride and in the presence of 
platinium (IV) oxide at ambient temperature and atmospheric pressure 
gave, among other products, 5-acetamido 6-acetylhydrazino-l,2,3,4-tetra- 
hydro-3-methylpyrimidine-2,4-dione (72) and 8-acetamido-3,6-dimethyl- 
l,5,6,7-tetrahydro-l,2,4-triazolo[4,3-c]pyrimidine-5,7-dione (73) (81KPS85) 
(Scheme 30). Compound 72 was formed as a result of hydrogenolytic 
cleavage of the 1,2,4-triazine ring of 71 followed by di-V-acetylation. 
Dehydrocyclization of 72 gave 73. 



(72) 

Scheme 30 


(71) 


(73) 
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III. Reactions 

A. Isomerization (Dimroth Rearrangement) 

Similar to the acid-, base-, or thermal-induced Dimroth rearrangement of 
l,2,4-triazolo[4,3-fl]pyrimidines to the corresponding [l,5-a]regioisomers 
[93AHC(57)81; 99AHC(73)131], the kinetically favored l,2,4-triazolo[4,3- 
c]pyrimidines (16) isomerize under the same conditions to the respective 
thermodynamically more stable [1,5-c] regioisomers 22 (Scheme 31). 

Various acid media were employed to induce this isomerization: aqueous 
hydrochloric acid (61BRP859287; 62BRP898409; 63JCS5642; 68JOC530), 
formic acid (65JCS3357; 75JHC551; 78AJC2505; 84EUP121341; 89JHC687; 
90T3897; 93EUP521768), acetic acid (63JCS5642; 78AJC2505), or phospho- 
ryl chloride (62BRP897870; 70CB3278). Utilized basic media were aqueous 
sodium hydroxide (62BRP898409; 65JCS3357, 65JCS3369; 75JHC551; 
79KGS262), sodium methoxide in methanol (98TL3865), sodium ethoxide 
in ethanol (92KGS225; 93KGS1545; 94JMC2371; 95MIP1,95MIP2), or am¬ 
monia in methanol (89JHC991). With any of these acidic or basic media, the 
isomerization was expedited by heat (63JCS5642; 78AJC2505). In some 
cases, heating or aging in water [62BRP898409; 79AJC2713; 97JCS(P2)49], 
methanol [81USP4269980; 97JCS(P2)49], ethanol [97JCS(P2)49], or ethyl 
formate (86USP4591588) sufficed to commence this rearrangement. 
Finally, fusion has also been applied to transform 16 to 22 (62BRP898409; 
63JCS5642; 65JCS3357; 78AJC2505; 79AJC1585; 86TL3127; 96JHC1307). 

The generally accepted mechanism for the acid- or base-catalyzed 
Dimroth rearrangement of 1,2,4-triazolo[4,3-c]pyrimidines (16) to the cor¬ 
responding [1,5-c] isomers (22) is outlined in scheme 32 (63JCS5642; 
68JOC530; 78AJC2505; 90T3897; 92KGS225).The rate-determining step in¬ 
volves the rupture of the N4-C5 bond of 16 to from the triazole intermedi¬ 
ate 74 (78AJC2505). Recyclization of the tautomeric structure 75 at the 
more nucleophilic N2 of the triazole ring affords 22 (71JHC643; 
78AJC2505). 



Scheme 31 
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UV spectrophotometric follow up of the rearrangement of the parent 16 
(R-R 3 =H) with acetic acid at 40°C revealed the gradual change of the three 
absorption maxima at 249, 258, and 269 nm of 16 to a single maximum at 
265 nm of the triazole intermediates 74 and 75 (R-R 3 =H) which slowly 
gives way to another single peak at 255 nm of the parent [1,5-c] regioisomer 
22 (R-R 3 =H) (78AJC2505). 

At pH 3, the hydrolytic cleavage of the N4-C5 bond of the parent 16 is 
about 175 times faster than cleavage of the same bond in l,2,4-triazolo[4,3- 
a]pyrimidine; at pH 11 the rate was only 3 times faster (77AJC2515; 
78AJC2505). 

Dimroth rearrangement of l,2,4-triazolo[4,3-c] to [l,5-c]pyrimidines is 
accompanied by marked changes in 'H-NMR absorptions, permitting 
structural distinction in most cases (78AJC2505;79AJC1585) (see Section 
IV,C). 

Electronic and steric factors exert their impacts on this rearrangement. 
Thus, the rate of isomerization increased with electron depletion and de¬ 
creased with electron enrichment of the pyrimidine ring. It was less facile 
when the triazole ring was substituted (89JHC687). Methyl groups with a 
positive mesomeric effect at C5 and/or C8 (16, R 1 and or R 3 =Me) dimin¬ 
ished the rate of acid-induced isomerization (pH 4) by retarding the ap¬ 
proach of the nucleophile to C5 by electronic and (for C5) steric hinderance 
effects. Methyl groups at C3 and/or C7 (16, R and or R 2 =Me) exerted little 
electronic and no steric effects on C5, yet promoted the approach of the 
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electrophilic part of the reagent (A + ) to N4 as a result of enhancing the 
electron density on the latter (78AJC2505). 

In only one case has a retro-Dimroth rearrangement of l,2,4-triazolo[l,5- 
c] to [4,3-c]pyrimidine been reported, according to which the 7-amino-5-hy- 
drazino-l,2,4-triazolo[l,5-c]pyrimidine 76 gave the respective [4,3-c] isomer 
77 (79KGS262). 



(76) (77) 


The mesoionic l-alkyl-l,2,4-triazolo[4,3-c]pyrimidinium-3-aminides 37 
were incapable of undergoing Dimroth rearrangement; the 5-alkenyl-l,2,4- 
triazolo[4,3-c]pyrimidines 78, formed as a consequence of pyrimidine ring 
lysis with water, methanol, or ethanol at room temperature, were incapable 
of recyclization [97JCS(P2)49] (Scheme 33). 

B. Cleavage Reactions 
1. Pyrimidine Ring Cleavage 

Prolonged heating of l,2,4-triazolo[4,3-c]pyrimidines (16) with water 
caused pyrimidine ring cleavage and afforded the 3-[l-(acylamino)-ethen- 
2-y 1 ]-1,2,4-triazoles 79. Compounds 79 are the acyclic intermediates 
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AcOH, reflux, 1-2 hr 


or180°-190°, vac., 
10 min 



(16) 


(79) 


(22) 


R-R 3 =H or alkyl 
Scheme 34 


involved in Dimroth rearrangement of 16 in aqueous media; their acid-cat¬ 
alyzed or thermal dehydrocyclization produced the thermodynamically 
more stable l,2,4-triazolo[l,5-c]pyrimidines 22 (78AJC2505) (Scheme 34). 

Treatment of the 3-amino- or 3-mercapto-l,2,4-triazolo[4,3-c]pyrim- 
idines 80 with aqueous hydrochloric acid at reflux caused further frag¬ 
mentation of the pyrimidine ring to give the 3-acetonyl-5-amino- or 5- 
mercapto-1,2,4-triazoles 81 in addition to the corresponding alkanoic acid 
(63JCS5642; 65JCS3369) (Scheme 35). 

2. Triazole Ring Cleavage 

Very few reports dealt with the triazole ring cleavage of 1,2,4-triazolo- 
[4,3-fl]pyrimidines [99AHC(73)131]; nevertheless, none, so far, were re¬ 
ported to investigate the cleavage of l,2,4-triazolo[4,3-c]pyrimidines at 
their triazole ring. 



(80) (81) 


R = NH 2 ,SH; R’= alkyl 


Scheme 35 
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C. Acylation and Alkylation 

1. N-Acylation 

Acylation of groups attached to l,2,4-triazolo[4,3-c]pyrimidines 
may cause a concurrent Dimroth rearrangement. Thus, acid-catalyzed 
acetylation of 8-amino-7-chloro-3-oxo-l,2,4-triazolo[4,3-c]pyrimidine ( 82 ) 
gave the 8-acetamido-7-chloro-2-oxo-l,2,4-triazolo[l,5-c]pyrimidine 83 
(68JOC530) (Scheme 36). 

Acetylation of the 3-amino-7-methyl-5-propyl-l,2,4-triazolo[4,3-c]pyrim- 
idine 84 in the presence of sodium carbonate, however, gave the 2-acetyl-3- 
imino derivative 86 rather than the expected 2-acetamido derivative 85 ; no 
Dimroth rearrangement products were observed (63JCS5642) (Scheme 
37). 

Structure 86 was in agreement with its IR and l H-NMR spectral data 
and was further corroborated by an unequivocal synthesis that involved 
heterocyclization of the acetylhydrazinopyrimidine 87 with cyanogen chlo¬ 
ride (63JCS5642) (Scheme 38). 

No rationale has been offered as to whether such an unexpected result is 
due to the acetylation of the tautomeric structure 90 or due to an intramo¬ 
lecular acetyl migration of the initially formed 2-acetamido derivative 85 
(Scheme 39). 

2. N-Alkylation 

N-Alkylation of triazolopyrimidines has been made with dialkyl sulfates 
or alkyl halides in alkaline media. Alkylation of the 2-oxo- and 5-oxo-l ,2,4- 
triazolo[4,3-c]pyrimidines 25 and 92 took place at the nitrogen atom adja¬ 
cent to the carbonyl function in each case to give the N2-alkylated 91 
(68JOC530; 94JMC2371) and N6-alkylated derivatives 93 (60G1821; 
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70GEP2018550) respectively (Scheme 40). In spite of the utilized strong al¬ 
kaline media, no Dimroth rearrangement was reported. 

3. S-Alkylation 

S-Alkylation of 2-mercapto-l,2,4-triazolo[4,3-c]pyrimidine ( 94 ) [94JCR 
(S)412; 95MIP1] or their sodium salts (79AJC2713) gave the corresponding 
2-alkylmercapto derivatives 95 (Scheme 41). 



Scheme 38 
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Me' 



(84) 

Ac 2 0/CHCI 3 
H Ac 

Pi V) 

JL v 


Qn 


(90) 

Ac z O / CHClg 


Pr NH 

NAc 


" o 7 o 

RX/DMF,K 2 C0 3 ,RT 


or RX, NaOEt / EtOH, reflux R 2 '^y^ =: = : J N / 
R 3 R 3 

(25) (91) 

R = Me, CH 2 COOEt, CH 2 CH 2 OH, CH 2 Ph 



R 1 = Me, Pr, PhCH 2 


Scheme 40 
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RX / EtOH, Et 3 N, 
or RX, EtONa / EtOH 



(94) 


(95) 


M = H, Na; R = Me, Et, PhCH 2 ,CH 2 CONH 2 , CH(Me) CONH 2 

Scheme 41 


D. Nuclear Substitution 

Nuclear substitution reactions of the l,2,4-triazolo[4,3-c]pyrimidine system 
are scantily studied. A few examples concerned with bromination and nitra¬ 
tion were reported, both of which occurred at the 7r-deficient pyrimidine ring. 

1. Bromination 

Bromination of 5-hydroxy-7-methyl-l,2,4-triazolo[4,3-c]pyrimidine ( 96 ) 
led to the introduction of the bromo function into the only available site in 
the pyrimidine ring (C8 of 96 ) to afford 97 (60G1821) (Scheme 42). 

Dehydrogenative heterocyclization of the 4-arylidenehydrazino-6- 
methyl-2-methylthiopyrimidines 98 with bromine in acetic acid effected si¬ 
multaneous bromination at C8 to produce 99 . The structure of compounds 99 
was ratified by the alternative heterocyclization of the 4-arylidenehydrazino- 
5-bromo-6-methyl-2-methylthiopyrimidines 100 [94JCR(S)412] (Scheme 43). 

2. Nitration 

Treatment of 96 with a mixture of concentrated nitric and sulfuric acids 
gave the 8-nitro derivative 101 (60G1821) (Scheme 44). 



Br 


(96) 


Scheme 42 


(97) 
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(98) (99) (100) 


Scheme 43 

E. Substituent Transformations 

La Noce and Giuliani (75JHC551) claimed the displacement of the 5- 
hydroxy function of 96 by a chloro group upon heating with phosphoryl 
chloride in DMF to give 102. The reverse reaction was effected by heating 
with 4% aqueous sodium hydroxide (Scheme 45). Surprisingly, the authors 
reported that no Dimroth rearrangement took place. 

Hydrazinolysis of the 5-chloro function of 103 gave, mainly, the corre¬ 
sponding 5-hydrazino compound 105 (75JHC551; 79AJC1585) together 
with the l,2-bis(triazolopyrimidin-5-yl)hydrazine 106 (75JHC551). The 5- 
methylthio group of 104 underwent a similar displacement to give only 105 
(79AJC1585) (Scheme 46). 

Thiol-to-hydroxyl group transformation has been oxidatively performed 
on 107 with nitric acid to give 109 (60G1821). A similar result was accom¬ 
plished by hydrolytic displacement of the thiol group of 108 with an aque¬ 
ous solution of sodium hydrogen carbonate (60G1830) (Scheme 47). 

Reduction of the 8-nitro group of 111 without running the risk of nuclear 
reduction was achieved by catalytic hydrogenation to give the corres¬ 
ponding 8-amino derivative 112 [60G1821; 66JOC900; 70JCS(C)139] 
(Scheme 48). 

Nuclear reduction also did not take place during catalytic hydrogenolysis 
of the 8-benzyloxy group of 113; the corresponding 8-hydroxy compound 
114 was obtained (86TL3127; 89JHC687,89JHC991) (Scheme 49). 

IV. Spectral and Electronic Properties 

A. Infrared Spectra 


In the solid state, infrared absorption data indicated the preponderance 
of the 3-oxo 25 an the 5-oxo 92 structures (amide tautomers) over the 3- 
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(109), R = Me; (110), R 
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( 111 ) ( 112 ) 

Scheme 48 


hydroxy 115 and 5-hydroxy 116 structures (imidic acid tautomers) 
(63JOC2257; 65JCS3357; 68JOC530; 75JHC551) (Scheme 50). 


B. Ultraviolet Spectra 

Generally, l,2,4-triazolo[4,3-c]pyrimidines possess characteristic UV 
absorptions that were attributed to tt-tt* and n-ir* transitions 
(89JHC687). Ultraviolet data are very helpful in differentiating between 
the [4,3-c] and [1,5-c] regioisomers [60G1821, 60G1830; 63JCS5642, 
63JOC2257; 65JCS3357, 65JCS3369; 68JOC530; 70JCS(C)139; 

75CPB1885; 78AJC2505; 89JHC687; 95JOC7066], Various alkyl-substi¬ 
tuted l,2,4-triazolo[4,3-c]pyrimidines showed two absorption bands at 
250-260 and 260-270 nm, which may be flanked by two inflexions or 
shoulders; the corresponding [1,5-c] regioisomers revealed only a single 
band at 250-260 nm, which may be accompanied by a minor inflexion 
(78AJC2505). 3-Amino-l,2,4-triazolo[4,3-c]pyrimidines absorbed at 
three regions: 202-209, 260-267, and 310-321 nm; the corresponding 2- 
amino-l,2,4-triazolo[l,5-c] pyrimidines absorbed at 226-230, 259-270, 
and 283-303 nm (63JCS5642). 



(113) 


(114) 
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< 92 ) (116) 

Scheme 50 


C. 'H-NMR Spectra 

Sufficient data are available at present to justify drafting some general 
guidelines correlating the structure of l,2,4-triazolo[4,3-c]pyrimidines 
and their 'H-NMR spectra [68JOC530; 70CB3278, 70JCS(C)139; 72JCS- 
(Pl)2316; 75CPB1885, 75JHC551; 78AJC2505, 78TL2071; 79AJC1585, 
79AJC2713; 86TL3127; 89JHC687].To this field of investigation, the contri¬ 
butions of D. J. Brown and his group are very valuable (78AJC2505; 
79AJC1585,79AJC2713);in addition to the parent l,2,4-triazolo[4,3-c]- and 
[l,5-c]pyrimidines, this Australian group prepared and recorded the 'H- 
NMR spectra of a large number of the mono-, di-, tri-, and tetramethyl de¬ 
rivatives (117-120). 




Sec. IV.D] 


CHEMISTRY OF 1,2,4-TRIAZOLOPYRIMIDINES II 


273 


Some of the useful guidlines to correlate the structure and 'H-NMR data 
of these compounds are (1) the decreasing order of magnitude (ppm) of the 
chemical shifts (direction to higher magnetic field) of the CH protons of the 
[4,3-c] compounds 117 and 119 is almost always C5-H > C3-H > C7-H > 
C8-H; (2) the same order holds true for the chemical shifts of methyl 
groups of the various methyl derivatives of 117 and 119, i.e., C5-Me > 
C3-Me > C7-Me > C8-Me; and (3) a definitive distinction can be made be¬ 
tween a particular [4,3-c] compound 117 and its [1,5-c] isomer 118; the 
C3-H signal of the former invariably appears at 0.45-1.25 ppm higher than 
the C2-H signal of the latter. Similarly, the C3-Me signal of a particular 
[4,3-c] compound 119 always appeared at 0.25-0.40 ppm higher than the 
C2-Me signal of the corresponding [1,5-c] isomer 120. 

The hydrogen and carbon atoms of the 3-/3-D-ribofuranosyl-l ,2,4- 
triazolo[4,3-c]pyrimidine C-nucleoside 121 and acyclo C-nucleoside 122 as 
well as their regioisomeric 2-/3-D-ribofuranosyl-l,2,4-triazolo[l,5-c]pyrimi- 
dine C-nucleoside 123 and acyclo C-nucleoside 124 were unequivocally as¬ 
signed by recording their two-dimensional 'H- 13 C-correlated NMR spectra 
(89MRC1001). 


OCH 2 Ph 

OCH 2 Ph 

(121), (122) 

(123), (124) 

O 

(121), (123) R = PhO-Q-^.Cy ; 

(122), (124) R = PhC-O — 


D. 13 C-NMR Spectra 

Differences in 'H-NMR chemical shifts of 1,2,4-triazoloazines are some¬ 
times too small to permit sharp structural distinction between closely re¬ 
lated isomer pairs, particularly those emanating from isomerization of 
kinetically preferable to thermodynamically more stable compounds. In 
such cases, 13 C-NMR spectroscopy proved very beneficial (790MR385; 
87JHC805).Thus, Pugmire etal. (87JHC805) studied the °C-NMR spectral 





8 : C8a > C5 > C3 > C7 > C8 8 : C2 > C8a > C7 > C5 > C8 

( 127 ) ( 128 ) 

data of the four 1,2,4-triazolo[4,3-fl]% [1,5-a]-, [4,3-c]-, and [l,5-c]pyrimidine 
systems 125-128 and found that they exhibit large systematic and clearly 
definitive |;, C-NMR shifts. Viehe et al. (90T3897) measured the 13 C-NMR 
spectra of a number of 3-substituted-5-dimethylamino-8-methyl-7-phenyl- 
1,2,4-triazolo[4,3-c]pyrimidines (129). 


R = H, NMe 2 , NHPh. NHCH 2 Ph, -N (CH 2 ) 4 . 6 


(129) 

The C8a signal of 129 invariably appeared at the lowest magnetic field 
(highest chemical shift) and that of C8 appeared at the highest field (low¬ 
est chemical shift) of the five carbons of the ring system. The order of the 
chemical shifts of the three other carbons of the ring system (C3, C5, and 
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C7) varied with the C3 substituent. The order of the I3 C chemical shifts of 
the 6-(2,3,5-tri-C>-acetyl-)3-D-ribofuranosyl)-l,2,4-triazolo[4,3-e]pyrimidin- 
5-one C-nucleoside 130 (95JOC7066) conforms with the same order for the 
parent heterocycle 127. 


AcO 
R = 


tr 



S :C8a > C5 > C3 > C7 > C8 
(130) 


E. Mass Spectra 

The electron impact mass spectra of a number of the tricyclic 5-substi- 
tuted-9-methyl-l,2,4-triazolo[4,3-c]tetrazolo[l,5-a]pyrimidines 131 were 
reported (790MS227). Tricyclic intermediates were proposed to explain 
the mass spectral fragmentation of the 8-allyl-5-benzyl-7-methyl-l,2,4- 
triazolo[4,3-c]pyrimidine 132 (93KGS1545). 



CH 2 Ph 


(131) 


(132) 


F. X-Ray 

X-ray crystallographic analysis would be the method of choice for as¬ 
signing the structure of closely related and easily isomerizable compounds 
such as 1,2,4-triazolo[4,3-c]pyrimidines. Thus, X-ray analysis of the 6-(3,5 
di-0-acetyI-2-deoxy-y3-D-ribofuranosyl)-3,7-dimethyl-l,2,4-triazolo[4,3-c] 
pyrimidin-5-one 133 confirmed the assigned structure (98TL3865). 
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B rxy 

AcO 

(133) 

G. Electronic Properties 

The electron densities of the parent l,2,4-triazolo[4,3-c]- and [1,5-c]* 
pyrimidines (127 and 128) were calculated; the total 77-electron density was 
obtained from HMO calculations and the total electron density by the com¬ 
plete neglect of differential overlap approximation method (CNDO-2). 
Whereas N6 caused C5 of both systems to be more electrophilic, N2 in the 
[4,3-c] system 127 decreased the 77-electron density at C5 more than N3 in 
the [1,5-c] system 128 at the same carbon. The calculations also indicated 
that the driving force for the 127-to-128 rearrangement should originate 
from the larger interaction between N1 and N2 in the [4,3-c] system 127 
(electron densities, 5.22 and 5.09, respectively) compared to the interaction 
between N3 and N4 in the [1,5-c] system 128 (electron densities, 5.20 and 



( 127 ) ( 128 ) 



4.91, respectively) (71JHC643). The electronic structures of mesoionic 
l,2,4-triazolo[4,3-c]- and [1,5-c]pyrimidin-7-ones (134 and 135) have been 
investigated via variable-electronegativity Praiser-Parr-Popple-SCF 77- 
molecular orbital calculations (73JHC479). 



(134) 


(135) 
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The structure and electronic properties of l,5,7-trimethyl-l,2,4-triazolo- 
[4,3-c]pyrimidinium-3-phenylaminide (136) was studied using semiempiri- 
cal and ab initio calculations. The mesoionic structure 136 is unexpectedly 
more stable than its theoretically possible tautomer 137 [97JCS(P2)49], 
Optimization of the molecular structure of 136 pinpointed a planar confor¬ 
mation from which the phenyl group is twisted by an angle of approxi¬ 
mately 30° [97JCS(P2)49]. 



(136) (137) 


V. Applications 

In contrast to compounds belonging to the l,2,4-triazolo[l,5-a]- and 
[4,3-fl]pyrimidines, which are widely used in photography [93AHC(57)81; 
99AHC(73)131], and some of the [1,5-a] compounds, which are used as 
agrochemicals [93AHC(57)81], none of these applications were reported 
for compounds of the [4,3-c] system. Nevertheless, many compounds of 
the latter system exhibit multifaceted medicinal and biological activities. 
Thus, for the treatment of respiratory system disorders, they show 
bronchodilator (62BRP898408; 84EUP121341; 85USP4532242), antiasth¬ 
matic, and bronchiolytic activities (70GEP2018550). For the urinary tract, 
they reveal diuretic (81GEP3029871; 83USP4405780) and anti-infection 
activities (71GEP2004713). Applications to the cardiovascular system in¬ 
clude uses for treating hypotensive (60G1821, 60GEP1074589; 
94JMC2371, 94USP53358950) and antiarrythmic disorders (92PJC131) 
and of cardiac insufficiency and disease of the arterial wall 
(94USP5358950). In addition, they show tranquilizing (81USP4269980), 
antirheumatoidal (62BRP 898408), and antibacterial activities 
(71GEP2004713; 79AJC2713). 
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Metal catalysts, action on pyridines, 2, 179 
Metalation, directed, of pyridines, quinolines, 
and diazines, 52, 187 

Metallacycloalkanes and -alkenes, 39, 237 
Methylazines, 68, 181 
Methylpyridines, 68, 181 
Monoazaindoles, 9, 27 
Monocyclic pyrroles, oxidation of, 15, 67 
Monocyclic sulfur-containing pyrones, 8, 219 
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Mononuclear heterocyclic rearrangements, 
29, 141 

Mononuclear isothiazoles, recent advances in 
chemistry of. 14, 1 
Monoquinones, 61, 59 


N 

Naphthalen-l,4-imines, 16, 87 

Naphthyridines, 11, 124 
reactivity of, toward nitrogen nucleophiles, 
33, 95 

recent developments in chemistry of, 33, 
147 

Natural heterocyclic products by hetero 
Diels-Alder cycloaddition reactions, 
synthesis of, 42, 245 

Natural products, synthesis via aziridine 
intermediates, 39, 181 

New developments in the chemistry of 
oxazolones, 21, 175 

,V-Fluoropyridinium salts, 62, 1 

Nitration of phenyl-substituted heterocycles. 
58, 215 

Nitrenes, carbenes and, intramolecular 
reactions of, 28, 231 

Nitrile oxides, cycloadditions with alkencs, 
60, 261 

Nitriles and nitrilium salts, heterocyclic 
synthesis involving, 6, 95 

Nitro-compounds, heteroaromatic, ring 
synthesis of, 25, 113 

Nitrogen-bridged six-membered ring 
systems, 16, 87 

Nitrogen heterocycles (see also 
ZV-Heterocyclic compounds) 
advances in animation of. 49, 117 
aromatic six-membered, regioselective 
substitution in, 44, 199 
conformational equilibria in saturated 
six-membered rings, 36, 1 
covalent hydration in, 20, 117 
photochemistry of, 30, 239 
reactions of acetylenccarboxylic esters 
with, 23, 263 

reduction of, with complex metal hydrides, 
6, 45; 39, 1 

Nitrogen heterocyclic systems, Claisen 
rearrangements in, 8, 143 


Nitrogen radicals, generation and cyclization. 
58, 1 

Nomenclature of heterocycles, 20, 175 
Nuclear magnetic resonance spectroscopy. 

application to indoles, 15, 277 
Nucleic acids, mass spectrometry of, 39, 79 
Nucleophiles, 

bifunctional, cyclisations and ring 

transformations on reaction of azines 
with, 43, 301 

cycloadditions and reactions of 
oxa-aromatics with, 65, 283 

reactivity of azine derivatives with. 4, 145 
Nucleophilic additions to acetylenic esters, 
synthesis of heterocycles through, 19,299 
Nucleophilic aromatic heterocycles, 
ambident 

palladium(0)-catalyzed allylation, 66, 73 
Nucleophilic heteroaromatic substitution, 3, 
285 


o 

Olefin synthesis with anils. 23, 171 
Oligomers, heterocyclic, 15, 1 
Organocobalt-catalyzed synthesis of 
pyridines, 48, 177 

Organometallic compounds, transition metal, 
use in heterocyclic synthesis, 30, 321 
coupling reactions in ^-deficient 
azaheterocycles, 62, 305 
Oxa-aromatics, cycloadditions and reactions 
with nucleophiles, 65, 283 

1.3.4- Oxadiazole chemistry, recent advances 
in, 7, 183 

1.2.4- Oxadiazoles, 20, 65 

1.2.5- Oxadiazoles. 29, 251 
1,3-Oxazine derivatives, 2, 311; 23, 1 

synthesis and stereochemistry of, 69, 349 
Oxaziridines, 2, 83; 24, 63 
Oxazole chemistry, advances in, 17, 99 
Oxazolone chemistry 
new developments in, 21, 175 
recent advances in, 4, 75 
Oxidation of monocyclic pyrroles. 15, 67 
Oxidative transformations of heteroaromatic 
iminium salts, 41, 275 
3-Oxo-2,3-dihydrobenz[d]isothiazole 1,1- 
dioxide (saccharin) and derivatives, 15, 
233 
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Oxygen hetcrocycles, applications of mass 
spectral techniques and stereochemical 
considerations in carbohydrates and 
others, 42, 335 
4-Oxy- and 4-keto-1.2,3,4- 

tetrahydroisoquinolines, chemistry of, 
15, 99 


P 

Pentazoles, 3, 373 

Peri-annellated heterocyclic systems, 
synthesis, 51, 1 

Peroxides, cyclic, 8, 165 (see also 
1,2-Dioxetanes) 

Phase transfer catalysis, applications in 
heterocyclic chemistry, 36, 175 
Phenanthridine chemistry, recent 
developments in, 13, 315 
Phenanthrolines, 22, 1 
Phenothiazines, chemistry of, 9, 321 
Phenoxazines, 8, 83 
Photochemistry 
of heterocycles, 11 , 1 

of nitrogen-containing heterocycles, 30,239 
of oxygen- and sulfur-containing 
heterocycles, 33, 1 

Physicochemical aspects of purines, 6, 1: 24, 
215 

Physicochemical properties 
of azines, 5, 69 
of pyrroles, 11, 383 

Piperazine-2,5-diones and related lactim 
ethers, 57, 187 
3-Piperideines, 12, 43 
Polycyclic aromatic nitrogen cations, 55, 

261 

Polyfluoroheteroaromatic compounds, 28, 1 
Polymerization of pyrroles and indoles, 
acid-catalyzed, 2, 1 
Porphyrin derivatives, hydrogenated: 

hydroporphyrins, 43, 73 
Preparation of pyrroles from ketoximes and 
acetylenes, 51, 177 

Present state of selenazole chemistry, 2, 

343 

Progress in pyrazole chemistry, 6, 347 
Prototropic tautomcrism of heteroaromatic 
compounds, 1, 311, 339; 2, 1, 27; SI 


Pseudoazulenes, 33,185 
Pseudobases, heterocyclic, 1, 167; 25, 1 
Purine bases, aza analogs of, 1, 189 
Purines 

physicochemical aspects of, 6, 1; 24, 215 
tautomerism, electronic aspects of, 

13, 77 

Pyrans, new developments, 62, 19 
thiopyrans, and selenopyrans, 34, 145 
Pyrazine chemistry, recent advances in, 14, 
99: see also Piperazinediones 
Pyrazole chemistry, progress in, 6, 347 
3//-PyrazoIes, 34, 1 
4tf-Pyrazoles, 34, 53 
Pyrazoles condensed to heteroaromatic 
five- and six-membered rings, 48, 223 
Pyrazolopyridines, 36, 343 
Pyrazolopyrimidines, chemistry of, 41, 

319 

Pyridazine chemistry, advances in, 49, 385 
Pyridazines, 9, 211; 24, 363; 49, 385 
Pyridine(s) 

action of metal catalysts on, 2, 179 
effect of substituents on substitution in, 
6,229 

functionalization by directed metalation, 
52, 187 

organocobalt-catalyzed synthesis, 48, 

177 

synthesis by electrochemical methods, 37, 
167 

1,2,3,6-tetrahydro-, 12, 43 
Pyridinium azolate inner salts, 60,197 
Pyridoindoles (the carbolines), 3, 79 
Pyridopyrimidines, 10, 149 
Pyrido[ 1,2-a]pyrimidines, chemistry of, 33, 
241: 73, 177 

recent developments. 63, 103 
Pyrido[2.1-c][l,4]oxazines, pyrido[2,l-e] 

[ 1,4]thiazines, Pyrido[ 1,2-a]pyrazines 
and their benzologues, chemistry of 71, 
145 

Pyrido[2,l-6][l,3]oxazines, Pyrido[2.1-6] 
[l,3]thiazines, and their benzologs. 
chemistry of, 72, 225 
Pyrimidine bases, aza analogs of, 1, 189 
Pyrimidine ring annelation to an existing ring, 
32,1 

Pyrimidine ring, tricyclic compounds with a 
central, 39, 281 
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Pyrimidines 

2,4-dialkoxy-, Hilbert-Johnson reaction of, 
8, 115 

fused tricyclic, 39, 281 
synthesis and stereochemistry of, 69, 349 
tautomerism and electronic structure of 
biological, 18, 199 
Pyrimidoazepines, chemistry of 

diazabicycloundecene (DBU) and other, 
42, 83 

1- Pyrindines, chemistry of, 15, 197 
Pyrones, monocyclic sulfur-containing, 8, 

219 

2- Pyrones, 4-oxy-substituted, dehydroacetic 

acid and related systems, 53, 1 
Pyrroles 

acid-catalyzed polymerization of, 2, 287 
1-hydroxy-, 51, 105 
from ketoximes and acetylenes, 
preparations, 51, 177 
oxidation of monocyclic. 15, 67 
physicochemical properties of, 11, 383 
2 H- and 3/7-Pyrroles, 32, 233 
Pyrrolidines, generation by radical 
cyclizations, 58, 1 

Pyrrolizidine chemistry, 5, 315; 24, 247 
Pyrrolizines, chemistry of, 37, 1 
Pyrrolodiazines with a bridgehead nitrogen, 

21, 1 

Pyrrolopyridines, 9, 27 
Pyrylium salts 
syntheses, 10, 241 
syntheses, reactions, and physical 
properties, S2 


Q 

Quantitative analysis of steric effects in 
heteroaromatics, 43, 173 
Quaternization 

of heteroaromatic compounds, 22, 71 
of heterocyclic compounds, 3, 1 
Quinazolines, 1, 253; 24, 1 
Quinazolines, fused, 52, 1 
Quinolines, functionalization by directed 
metalation, 52, 187 
Quinolizines, aromatic, 5, 291; 31, 1 
Quinones, heterocyclic, 45, 37 


Quinoxaline chemistry 
developments 1963-1975. 22, 367 
recent advances in, 2, 203 
Quinuclidine chemistry, 11, 473 


R 

Radicals, see also Substitution, free-radical 
and homolytic 

heteroaromatic, 25, 205; 27, 31 
nitrogen, cyclization of, 58, 1 
Reactions 

of annular nitrogens of azines with 
electrophiles, 43, 127 
of azines with bifunctional nucleophiles: 
cyclizations and ring transformations, 
43, 301 

of sp 2 -carbanionic centers in the vicinity 
of heterocyclic nitrogen atoms, 56, 
155 

of coordinated ligands, 58, 123 
Reactivity 

of heteroaromatic compounds in the gas 
phase, 40, 25 

of naphthyridines toward nitrogen 
nucleophiles. 33, 95 

Rearrangements, mononuclear heterocyclic, 
29, 141 

Recent advances 

azomethine ylide chemistry, 45, 231 
in benzo[6]thiophene chemistry, 11, 177 
in fluoroheterocyclic chemistry, 59, 1 
in furan chemistry 
Part I, 30, 168 
Part II. 31, 237 

in 1,3,4-oxadiazolc chemistry. 7, 183 
in oxazolone chemistry, 4, 75 
in pyrazine chemistry, 14, 99 
in pyridazine chemistry, 24, 363 
in quinoxaline chemistry, 2, 203 
in tetrazole chemistry, 21, 323 
in the chemistry 

of benzisothiazoles and other polycyclic 
isothiazoles, 38, 105 
of benzo[6]furans, occurrence and 
synthesis, 18, 337 
of benzo[6]thiophenes, 29, 171 
of 9/7-carbazoles, 35, 83 
of dibenzothiophenes, 16, 181 
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of dihydroazines, 38, 1 
of mononuclear isothiazoles, 14,1 
of phenothiazines, 9, 321 
of 1,3,4-thiadiazoles, 9, 165 
of thiophenes. 1, 1 
Recent developments 
in naphthyridine chemistry, 33, 147 
in isoxazole chemistry, 2, 365 
in phenanthridine chemistry, 13, 315 
Recent progress in barbituric acid chemistry, 
38, 229 

Reduction of nitrogen heterocycles with 
complex metal hydrides, 6, 45; 39, 1 
Regioselective substitution in aromatic 
six-membered nitrogen heterocycles, 

44, 199 

Reissert compounds, 9, 1; 24, 187 
Ring closure of ortho-substituted t-anilines, 
heterocycles by, 14, 211, 65, 1 
Ring-opening of five-membered 
heteroaromatic anions, 41, 41 
Ring synthesis of heteroaromalic nitro 
compounds, 25, 113 
Ring transformations 
and cyclizations on reaction of azines with 
bifunctional nucleophiles, 43, 301 
of five-membered heterocycles, 56, 49 


S 

Saccharin and derivatives, 15, 233 
Salts 

1,3-Oxazinium and 3-Azapyrylium, 64,341 
S-, Se-, and 

7>(perflouroalkyl)dibenzothiophenium, 
-selenophenium, and -tellurophenium, 
64, 323 

Saturated bicyclic 6/5 ring-fused systems with 
bridgehead nitrogen and a single 
additional hetcroatom, 49,193 
Selenazole chemistry, present state of, 2, 

343 

Selenium-nitrogen heterocycles, 24, 109 
Selenophene chemistry, advances in, 12, 1 
Selenophencs. 30, 127 
Selenopyrans, 34, 145: 59, 179 
Selenopyrylium salts, 60, 65 
Six-membered oxygen-containing rings, 
saturated, analysis of, 69, 217 


Six-membered ring systems, nitrogen 
bridged, 16, 87 

Steric effects in heteroaromatics, quantitative 
analysis of, 43, 173 
Substitution(s) 

electrophilic, of five-membered rings. 13, 
235 

free radical, of heteroaromatic compounds. 
2, 131 

homolytic, of heteroaromatic compounds, 
16, 123 

nucleophilic heteroaromatic, 3, 285 
in pyridines, effect of substituents, 6, 

229 

regioselective, in aromatic six-membered 
nitrogen heterocycles, 44, 199 
Sulfamide moiety, heterocycles containing 
the, 44, 81 

Sulfoxides and sulfones; heteroaromatic, 

48, 1 

Sulfur compounds 

electronic structure of heterocyclic, 5, 1 
four-membered rings, 35, 199 
Sulfur transfer reagents in heterocyclic 
synthesis, 30, 47 

Sulfuranes, ligand exchange in, 48, 1 
Synthesis, see also Heterocyclic synthesis 
and biological activities of condensed 
heterocyclo[n,m-a, b, or 
c]quinazolincs, 52,1 
of condensed l,2,4-triazolo[3,4- 
zjheterocycles, 49, 277 
from hydrogen cyanide derivatives, 

41, 1 

of heterocycles from azadienes, 57, 1 
from nitrilium salts and nitriles under acidic 
conditions, 6, 95 

of natural heterocyclic products by hetero 
Diels-Alder cycloaddition reactions, 

42, 245 

of peri-annellated heterocyclic systems, 

51, 1 

of pyridines by electrochemical methods, 
37, 167 

of pyrrolidines by nitrogen radical 
cyclization, 58, 1 

of quaternary benzo[c]phenanthridine 
alkaloids, 67, 345 
and reaction of 1-azirines. 13, 45 
by ring-closure of o-substituted t- 
anilines, 14, 211 
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of tetracyclic and pentacyclic condensed 
thiophene systems, 32, 127 
thienopyrimidines, 65, 235 
thioureas in, 18, 99 
through nucleophilic additions to 
acetylenic esters, 19, 279 


T 

Tautomeric 

intramolecular reversible addition 
reaction to, 

C=0 group, 64, 251 
C=N group, 66, 1 
C=N group, 66, 1 
C=C group, 66, 1 
C=C group, 66, 1 
Tautomerism 

electronic aspects of purine, 13, 77 
and electronic structure of biological 
pyrimidines, 18, 99 

prototropic, of heteroaromatic compounds, 
1,311. 339; 2, 1,27; SI 
Tellurium atom, 6-membered heterocycles 
with a, 63, 1 

Tellurium-containing heterocycles with two 
heteroatoms, 58, 47 

Tellurophene and related compounds, 21, 
119 

Telluropyrans, 59, 179 
Telluropyrylium salts, 60, 65 

1.2.3.4- Tetrahydroisoquinolines, 4-oxy- and 
4-keto-, 15, 99 

1,2.3.6-Tetrahydropyridines. 12, 43 
Tetramic acid chemistry, advances in, 57,139 
Tetrathia- and Tetraselenafulvalenes, 
reactivity, 62, 249 
Tetrazocincs, 50, 1 

Tetrazole chemistry, recent advances in, 21, 

Theoretical studies of physicochemical 

properties and reactivity of azines, 5,69 
Thiadiazines with adjacent sulfur and 
nitrogen ring atoms, 50, 255 

1.2.4- Thiadiazoles, 5, 119; 32, 285 

1.2.5- Thiadiazoles, chemistry of, 9, 107 

1.3,4-Thiadiazoles, recent advances in the 

chemistry of, 9, 165 
Thianthrenes, 48, 301 


Thiathiophthenes (l,6,6aS lv - 
trithiapentalenes), 13, 161 

1,2,3,4-ThiatriazoIes, 3, 263; 20, 145 

1.3- Thiazin-4-ones, 

chemistry of, and their derivitives, 66, 131 

1.3- Thiazines, 50, 85 

synthesis and stereochemistry of, 69, 349 

1.4- Thiazines and their dihydro derivatives, 

24,293 

4-Thiazolidinones, 25, 83 
4-Thiazolidinones. condensed, 49. 1 
Thienopyridines, 21, 65 
Thienopyrimidines, 
synthesis, chemistry, and biological 
properties, 66, 193 

synthesis, reactions, biological activity, 

65, 235 

Thienothiophenes and related systems, 
chemistry of, 19, 123 

Thiochromanones and related compounds, 
18, 59 

Thiocoumarins, 26, 115 
Thiophenes, recent advances in the chemistry 
of, 1, 1 

Thiophenium salts and thiophenium ylids, 
chemistry of, 45, 151 
Thiopyrans, 34, 145; 59, 179 
Thiopyrones (monocyclic sulfur-containing 
pyrones), 8, 219 

Thiopyrylium, selenopyrylium, and 
telluropyrylium salts, 60, 65 
Thioureas in synthesis of heterocycles, 18, 99 
Three-membered rings with two 
heteroatoms, 2, 83; 24, 63 
Transition organometallic compounds in 
heterocyclic synthesis, use of, 30, 321 
Triacetic acid lactone and related pyrones, 
53,1 

1,3,5-, 1,3.6-, 1,3,7-, and 1,3.8- 
Triazanaphthalenes, 10, 149 

1.2.3- Triazines, 19, 215 

1.2.4- Tri azines, 

fused to two heterocyclic rings, 61, 209 
fused to heterocycles with 6- and 7- 
membered rings, 61, 209 
reactions with C-, N-, O-, and S- 
nucleophiles, 46, 73 
Triazocines, 50, 1 

1.2.3- Triazoles, 16, 33 

1.2.3- TriazoIes, 4-amino-, 40, 129 
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A 2 -l,2,3-Triazolines, 37, 217 

A 3 - and A 4 -1.2,3-Triazolines, 37, 351 

1.2.4- Triazolines. 46, 169 

1.2.4- Triazoline-3,5-diones, 67, 119 

1.2.4- Triazolo[3,4-z]heterocycles. 
synthesis, 49, 277 

Triazolopyridines, 34, 79 

1.2.3- Triazolo[4,5-</]pyrimidines 
(8-azapurines), chemistry of, 39, 117 

L2,3-Triazolo[jr,y,-z]pyrimidines, 71, 57 

1.2.4- Triazolo[l,5-fl]pyrimidines, 57, 81 

1.2.4- Triazolo- and tetrazolo[jr,y,-z] 
pyrimidines. 72, 127 

1.2.4- Triazolopyrimidines I: 1,2.4- 
triazolo[4,3,-a]pyrimidines, chemistry of, 
73, 131 

Tricyclic compounds with a central 

pyrimidine ring and one bridgehead 
nitrogen, 39, 281 

1.6,6aS IV -Trithiapenlalenes, 13, 161 

Tropones with fused heterocyclic rings, 
synthesis. 64, 81 

structure, reactivity, and application, 66, 
285 


Tropolones with fused heterocyclic rings 
synthesis, 64, 81 

structure, reactivity, and application, 66,285 
Tropylium salts with fused helercyclic rings 
synthesis, 64, 81 

structure, reactivity, and application, 66, 285 


U 

Unsaturated nitrogen heterocyclic 

compounds containing carbonyl groups, 
chemistry of, 58, 171 
Uracils: versatile starting materials in 
heterocyclic synthesis, 55, 129 
Use of transition organomctallic compounds 
in heterocyclic synthesis, 30, 321 


V 

Vinyl heterocycles, cycloaddition reactions 
with, 63, 339 

Vilsmeier conditions, cyclization under, 31, 
207 
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Acetamidine, 74, 139,141 

5- Acetamido 6-acetylhydrazino-l ,2,3,4- 

tetrahydro-3-methylpyrimidine-2,4- 
dione, 75,260 

6- Acetamido-2-alkylthioriboside, 71, 94 
8-Acetamido-7-chloro-2-oxo-l,2,4- 

triazolo[l,5-c]pyrimidine, 75, 265 
8-Acetamido-3,6-dimethyl-l,5,6,7- 
te trahydro-1,2,4-triazolo[4,3- 
c]pyrimidine-5,7-dione, 75, 260 

2- Acetamido-6,7,8,9-tetrahydro-ll//- 

pyrido[2,l-6]quinazolin-l 1-one, 73, 212 

5- AcetoacctyI-6-mcthoxy-2,3- 

diphenylbenzofuran, reaction with 
5-amino-2-phenyl-l,2,4-triazol-3-one, 

73, 146 

Acetogenines, prospective anticancer agents, 
literature review, 73, 321 

3- Acetonyl-5-amino-l,2,4-triazoles, 75, 264 

3- Acetonyl-5-mercapto-l ,2,4-triazoles, 75, 

264 

Acetophenone, 74, 146 
1 - Acetoxy-1,4-epoxy-l ,2,3,4- 

tetrahydronaphthaline, flash vacuum 
pyrolysis, 73, 8 

1- Acetoxyisobenzofuran, 73, 7 
reaction with p-benzoquinone 

monoacetals, 73, 42 

2- Acetoxy-2,3,4,6-tetrahydro[l,3]- 

tlna/ino[3.2-/)]isoquinolin-6-onc, 
hydrolysis, 72, 248 

4- Acetyl-5-alkyl-2(5//)-furanones, 73,284 

6- Acetyl-2-alkylthio-8-azaadenine, reaction 

with 3,4-dihydro-2//-pyran, 71, 77 

3- Acetylamino-5-aryl-l,2,4-oxadiazoles, 74, 

200 


a-Acetyl-/3-amino-/3-eyanovinyl methyl 
ketone, conversion to 2-furanones, 72, 
294 

3-Acetylamino-5-methyl-l,2,4-oxadiazole, 
74, 203 

5-Acetyl-6-amino-3-methyl-l-phenyluracil, 
rearrangement, 75, 115 
3-Acetylamino-5-phenyl-l,2,4-oxadiazole, 
74, 4,200 

2- Acetylamino-7-R-quinazolin-4-ones, 74, 

205 

1- Acetyl-5-anilino-l,2,3,4-tetrazole, 74, 158 
c/x-/3-Acetyl-y-aryl-y-butyrolactones, 73, 283 

3- Acetyl-4-aryl-2-pyrazolinones, 

rearrangement to pyridazinones, 75, 184 

2- Acetyl-p-benzoquinone, reaction with 

enamines of cyclohexadiones, 72, 296 
5-Acetyl-3-cyano-2-[(3-chloro-2- 

hydroxypropyl)thio]-6-methyl-4-phenyl- 
1,4-dihydropyridine, cyclisation, 72, 265 
5-Acetyl-3-cyano-6-methyl-4-phenyl-3,4- 
dihydropyridine-2(l//)-thione, reaction 
with epichlorohydrin, 72, 268 
/V 4 -Acetylcytosine, 74, 1 69 
10-Acetyl-9-fluoro-3-methyl-7-oxo-2,3- 
dihydro-7//-pyrido[l ,23-de]- 1,4- 
benzoxazine-6-carboxylic acid, 
bromination, 71,176 
1-Ace tyl-2-formyI-3-acetoxyindole, 

conversion to polycyclic compounds, 72, 
292 

l-Acetyl-l,2,3,5,6,7-hcxahydropyrido[l,2,3- 
dejquinoxaline, 71, 249 

7-Acetyl-3-hydroxy-6-methyl-8-phenyl- 
2,3,4,8-tetrahydropyrido[2,1 - 
6][l,3]thiazine-9-carbonitrile, 72, 264, 
268 


311 
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2-Acetyl-3-imino-7-methyl-5-propyl- 
1,2,4-triazolo[4,3-c]pyrimidine, 75, 

265 

A'-Acetylindoxyl. reaction with aminals of 
a./3-unsaluratcd fi- 
dimethylaminoaldehydes, 72,291 
conversion to pyrro!o[l,2-a]indoles, 72, 

292 

/rani-6,llfl-//-2-AcetyI-6-methyl-7,10- 
dimethoxy-1.3,4,6,11,1 In.hexahydro- 
2H-pyrazino[ 1,2-b]isoquinoline-1,4- 
dione, 71,244 

2-Acetyl-3-methylquinaxoline, 71,27,32 
2-Acetylperhydropyrido[l,2-a]pyrazinc-6,8- 
dione, 71,242 

6-Acetyltetrahydropyrido[2,1 - 

h][l,3]benzoxazin-l 1-one, 72,237 
2-Acetylthiobenzodiazepine, 71,36 
2-Acetyllhiophene, cyclopalladated complex, 
72,13 

/V-Acetyltriazolopyrimidines, preparation, 
71,67 

6-Acetyltriazolopyrimidine, 72,133 

1- 0-Acetyl-2,3,5-tri-0-benzoyl-i> 

ribofuranose, reaction with 
triazolopyrimidines, 71,91 

2- (2-Acetylvinylamino)pyridine, reaction 

with aminotriazoles, 72, 135 
(S)-a-Acelylvinyl sulfoxide, cycloaddition to 
furanones, 73,280 
Acidic hydrogens, 74,24,44 
Acrolein, from thermolysis of 2(3 H)- 
furanone, 73,288 
Acryloylferrocenes, reaction with 
isobenzofurans, 73,42 
2-Acyl-3-aminobenzofurans, in synthesis of 
benzofuro[3,2-f>]pyridines, 72,82 
/3-Acyl-/3-amino-a-benzoylaminoacrylates, 
thermolysis, 72, 332 

2- Acylaminoenaminoketones, conversion to 

imidazoles, 72,303 

3- Acylamino-4-oxoperhydropyrido[2,l- 

6][l,3]thiazine-6-carboxylate, 72,271 
3-Acylaminoperhydropyrido[2,l- 

6][1,3]thiazine-6-carboxylate, hydrolysis, 
72, 249 

l(Acylamino)pyrimidine hydroiodides, 
cyclisation, 73,128 

Acylamino-l,3,5-triazines, rearrangement, 

75, 152 


2-Acyl-1,2,3,6.7,116-hexahydro-4//- 

pyrazino[2,l-o]isoquinolines, 71, 206. 

237 

NMR spectra, 71,161 
mass spectra, 71,162 
2- Acyl-1,2,3,6.7,11 n-hexahydro-4/7- 
pyrazino(2,1 -n]isoquinolin-4-oncs, 
dehydrogenation. 71, 197 
2-Acyl-l ,2,3.6,7,116-hexahydro-4tf- 

pyrazino[2, l-o]isoquinolin-4-ones, 71, 
237,241 

NMR spectra, 71, 162 
deAAacylation, 71, 195 
anthelmintic activity, 71,253 
Acylhydrazincs, reaction with 2- 
mercaptopyrimidines, 73, 141 
/V-Acyloxazolidinones, asymmetric synthesis 
using, literature review, 73,338 

1- Acyloxyindazoles, 73, 105 

2- Acylpyrroles, 73, 119 

2- Acyl-1,2,3,116-tetrahydro-4 T/- 

pyrazino[2,l-a]isoquinolin-4-ones, 
reduction, 71,189 
8-Acyl-3,5,6,7-tetrahydro-27/- 

pyrido[l,2.3-de]-l,4-benzoxazin-3-ones, 
71,169 

/)('s-4,5-Adamantylpyridazine, preparation, 
75,180 

Adenine, metal complexes, 72, 36 

3- ( Alditol-1-yl)-5-methyl-7-oxo-l ,2,4- 

triazolo[4,3-n]pyrimidincs. 73,138 

3- (Alditol-l-yl)-l,2,4-triazolo[4.3- 

a (pyrimidines, 73,135 
Aldoximes, oxidation with 

1-chlorobenzotriazole, 75, 59 
Alkaloids, chemistry and pharmacology, 
literature review, 73,316 

4- Alkenyl-3-aminopyrroles, 72, 86 
a^-Alkenyl-y,8-aryl nitrile ylides, 73, 

101 

Alkenyl hydrazides, reaction with 
phenylselenyl sulfate, 75,181 

5- Alkenyl-l,2,4-triazolo[4,3-c]pyrimidine, 75, 

263 

1 -Alkoxy-7-alkyladenines, 74,178 
At 6 - Alkoxy-7-alkyladenines, 74, 178 
5-Alkoxy-4-(aminocarbonyl) oxazolc, 74, 

190 

5-a-Alkoxycarbonyldiazomethyl)-1,2,3- 
thiadiazole, 74,213 
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1 - AI koxyca rbonyl-1,4-dihydropy ridazines, 
reaction with trifluoroacetic acid, 75, 

210 

3-Alkoxycarbonylmethylene-3.4.5,6- 
to lrahydro-2//-py rido[ 1,2,3-r/e]-1,4- 
benzoxazin-2-ones, 71,222 
|;, C-NMR spectra, 71,154 

2- AlkoxycarbonyI-l,3-pentandioncs, in 

synthesis of pyridazincs, 75,188 

1-Alkoxyisobcnzofuran. 73,10 
1 - Alkyl-2-( 1 -melhyIene-2-propcnyl)diazenes, 
dimerisation, 75,180 

3- A]koxy-2-methyl-4//-pyrimido[2,l- 

«)isoquinoline-4-ones, 73,250 
1 - Alkoxy-1,2,2.3,3-pentasubstituted 
cyclopropanes, from pyrazolines, 

72,371 

9«-Alkoxyperhydropyrido[2,l -b\[\ ,3J- 

oxazines, formation of lactones, 72,236 

1-Alkoxyphthalan, loss of alcohol, 73,9 
acid-catalysed eliminations, 73,9 

1-Alkoxysubstituted isobenzofurans, 73,17 
8-Alkoxy-l,2,4-triazolo[4,3-cJpyrimidines, 
from 5-alkoxy-4-hydrazinopyrimidines, 
72, 198 

1-Alkyladenine, rearrangement, 75, 124 
1 - Alkyl-3-alkylamino-1,2,4-triazolo[4,3- 
c]pyrimidines. 75,253 

1- Alkyl-2-(aIkylimino)-6-amino-4- 

(alkyiamino)-l,2-dihydro-3-pyridine 
carbonitrile, rearrangement, 75, 104 

2- Alkyl-5-aIkylimino-4-aryl-3-arylimino- 

1,2,4-thiadiazolidines, 74,160 

2-A Ikylamino-1,2-dihydropyridine, 74,91 

1- Alkyl-4-aminodihydro-2(l//)- 

pyridinethione,75, 105 

6- A1 ky 1 a m i n o-5,6-d i hy drothy mine, 74,118 

4- Alkylamino-1-methylpyrazole[3,4- 

rf]pyrimidine-3-carbonilrile, 75,122 

2- Alkylaminopyridines, 74,3,5 
2,4,6-fra(A)kylamino)-3-pyridine 

carbonitrile, 75, 104 

4- Alkyl-3-aminopyrroles, 72, 86 

5- Alkylamino-1.2,4-thiadiazole, 74,159 
A'-Alkyl-4-aminotriazoles, 71,65 

2-Alkyl(aryl)amino-3,4-dihydro-4- 

oxoquinazoline, 74,180 
4-AlkyI-5-arylimino-l ,2,3,4- 
thiatriazoline, reaction with 
p mtrophcnylisothiocyanatc. 75, 155 


5-AIkyl-3-carboxyhydrazino-l ,2,4-triazole, 
reaction with tricthyl ortho-formate, 75, 
100 

3-Alkyl-3,4-dihydro-4-iminoquinazoline, 
rearrangement, 75, 118 

3-AIkyI-4,6-dimethyl-5,7-dioxo-1.2.3- 
triazoIo[4,5-rf]pyrimidines, 71,70 
l-AlkyI-l-(4,6-dimethylpyrimidin-2- 

yl)hydrazines, cyclisalion with carbon 
disulfide, 73,135 

l-Alkyl-4-formyl-l ,2,3-triazole. 74. 192 

3- Alkyl-2-hydrazino-4(3//)-quinazolinone. 

rearrangement, 75,117 

1- Alkyl-3-hydroxy-3,4-dihydropyrido[l,2- 

ojpyrazinium bromide 2-oxides. 71, 

245 

(E)-1 - Alkylidene-1,3-dihydroisobenzofuran, 
heating with dienophiles, 73,19 

4- Alkylidene-3,5-dihydro-4//-pyrazoles, 

thermolysis, 72,376 
Alkylidenephthalanes, in synthesis of 
polycyclic aromatics, 73, 19 

5- Alkylidenetetrazolines, thermolysis. 72, 

377 

2- Alkylidenethiiranes, formation, 72, 370 
V-Alkylimidazolidine-2-thione, metal 

complexes, 72,40 

1- Alkyl-2-iminopyridines, 74,3,5 

2- Alkylmercaptopyrimidines, reaction with 

acylhydrazines, 73, 141 

2- Alkylmercapto-l,2,4-triazolo[4,3- 

c]pyrimidine, 75,266 
l-Alkyl-9-methyladenines, kinetics of 
rearrangement, 75,125 

7-Alkyl-l-methyladenines. rearrangements, 
75, 127 

Alkyl 10-oxo-10//-pyrido[l,2-fl]quinoxalinc- 

8-carboxylale, 71,249 

Alkyl 7-oxo-l ,2,3,7-tetrahydropyrido[ 1,2,3- 
r/e]quinoxaline-6-carboxylates. 71, 243 
c7.v-6,9o-//-6-Alkylperhydropyrido[2,1 - 

6]fl,3]oxazines, reaction with Grignard 
agents, 72,236 

A/-Alkylperimidincs, chlorination with 1- 
chlorobenzotriazole, 75, 35 
A' Alkyl-3-R-pyridinium salts, 74, 90 
Alkyl-substituted 2-tetrazolines, dipolar 
cycloreversion, 72,385 

3- Alkylthioacrylonitriles, use in Thorpe- 

Ziegler cyclisation, 72, 99 
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1 -Alkylthio-substituted isobenzofurans, 

73, 18 

2- Alkylthio-9-tetrahydropyranyl-8- 

azadenines, 71,77 

C-Alkyl-l,2,4-triazolo[4,3-a]pyrimidines, UV 
spectra, 72, 162 

iV-Alkyl-l,2,3-triazolo[4,5-d]pyrimidines, 
hydrolysis, 71, 65 

5 - A 1 ky 1 triazolo[4,3-c]thienopyrimidines, 
isomerisation, 75,97 

1 - Alkyl-1,2,4-triazolo[4,3-c]pyrimidinium-3- 
aminides, failure to undergo Dimroth 
rearrangements, 75,263 
a-Alkynyl ketones, reaction with diamines, 
71,12 

3- Alkynylpyridazines, preparation, 75,207 
Allopumiliotoxin, synthesis, literature 

review, 73,317 

4- Allylaminotriazole, reaction with ethyl 

acetoacetate, 72,139 

8-AllyI-5-benzyl-7-methyl-l,2,4-triazolo[4,3- 
rjpyrimidine, rearrangement, 72, 192 
mass spectra, 75,275 
Allyl cyanide, from pyrrole, 72, 368 
1,3-Allylic strain, 74, 112 

7- Allyloxy-1,2,4-triazolo[ 1,5-a]pyrimidine, 

72, 150 

Alternaric acid, synthesis, literature review, 

73, 325 

Amidinium salts, 74, 141 

1- Amidoylisobenzofuran, preparation, 73,20 
a-Aminoacids, use of heterocycles in 

synthesis, literature review, 73,302 
/3-Aminoacids, use of heterocycles in 
synthesis, literature review. 73,302 
3-Aminoacrylonitriles, use in Thorpe-Ziegler 
cyclisation, 72,88 

8- Aminoacyl-2-phenyl-3-oxo-2,3,5,6,7,8- 

hexahydro-1,2,4-triazolo[4,3- 
ajpyrimidine, 72,182 

3- Amino-2-alkylaminoquinazolinone, 75, 

117 

4- Amino-2-alkylaminothiopyranylium 

iodide, rearrangement, 75,105 

2- Amino-5-a)kyl-4-chloro-5- 

phenylpyrimidines, reaction with 
formylhydrazine, 75, 254 

2-Amino-3-alkyl-3,4-dihydro-4- 
oxoquinazoline, 74, 180 
2-Aminoalkyl-3(2//)-pyridazinones, 75,198 


2- (2'-Aminoalkylthio)-4- 

phenylbenzodiazepine, 71, 37 
7-Amino-6-aminoalkyl-5-methyl-1,2,4- 
triazolo[l ,5-n]pyrimidines, bioactivity, 
72,169 

1-Aminoanthraquinone, 75,105 
4-Amino-3-arylamino-4,5-dihydro-5-oxo- 
1,2,4-triazine, 74, 120 

1- Amino-2-arylaminopyrimidinium salt, 74, 

109,75,110 

3- Amino-2-arylaminoquinazolinone, 75, 117 

4- Amino-2-arylaminothieno[2,3- 

d]pyrimidine, 75,122 

2- Amino-4-arylbenzodiazepines, 71,12 
2-f-Amino-4-arylbenzodiazepines, 71, 39 

methylation, 71,41 

6- Amino-l-aryl-5-formyluracil, 

rearrangement, 75,115 
2-Amino-3-aryl-4-iminothieno[2,3- 

(/Jpyrimidines, rearrangements. 75, 122 
2-Amino-4-aryl-6-methylthio-8-oxo-4,8- 
dihydropyrido|2,l-6][l ,3]«xazine-3,7- 
dicarbonitrile, 72, 260 
2-Amino-l-aryl-l,2,3-triazole, 74, 192 
3 Amino-5-aryl-l,2,4-triazole, reaction with 
ethyl acetoacetate, 73, 137 
5 (/l-Amino-/l-arylvinyl) 3-arylisothiazole, 
74, 214 

2-Amino-8-azaadenosines, antiviral activity, 
71,102 

2 Amino-8-azapurine, 71,98 

7- Amino-6-azidocarbonyltetrazolo[ 1,5- 

ojpyrimidine, 72,203 

5- Amino-6-azidocarbonyl-1,2,4- 

triazolopyrimidine, 72, 182 
iV-Aminoazinethiones. synthesis, literature 
review, 73,340 

2-Aminoazoles, metal complexes, 72, 35 
2(4)-Aminobenzodiazepines, 

pharmacological activity, 71, 36 
4-Amino-l,2,3-benzothiazines, 75, 149 

2- Amino-l,3-benzothiazin-4-ones, 

rearrangement, 75, 140 

3- Amino-l,2,4-benzotriazine, 74, 76 

4- Aminobenzotriazines, stability in acetic 

acid, 75,150 

1- Aminobenzotriazole, oxidation with 1- 

chlorobenzotriazole, 75, 57 

2- Amino-3-benzoxazolylbenzodiazepine, 

71,41 
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3- Amino-2-benzoylindoles, use in Thorpe- 

Ziegler cyclisation, 72, 92 
I -Amino-9-benzyl-6-iminopurine, 74,176 

5- Amino-3-benzyl-1,2,3-triazolo[4,5- 

f/]pyrimidine, 71,71 

4- Amino-3.5-bis(pyrid-2-yl)-l,2,4-triazole, 

metal complexes, 72,38 

2- Amino-5-bromo-4-/ert-R-butylpyrimidine, 

74, 42 

1 -Amino-3-bromoisoquinolinide, 74,19 

4- Amino-2-bromo-l,5-naphthyridine, 

74,61 

3- (4-Aminobutyl)-2.3,4,4a,5,6-hexahydro- 

lH-pyrazino[l ,2-a]quinoline, 71,204 
9a-Amino-2-im-butyl-4,6,7,8,9,9a- 

hexahydropyrido[2,l-fi][l,3]thiazin-4- 
one, 72, 269 
rearrangement, 72,252 

2- Amino-4-rer/-butyIpyrimidine, 74,52 

6- Amino-4-/ert-butylpyrimidine, 74,41,52 

l-(4-Aminobutyl)thymine, 74,119 

3- Amino-5-(eri-butyl-3//-l,2,3-lriazolo[4,5- 

d]pyrimidine, 71,70 
Aminocaprolactam, 74,119 

5- Amino-4-carbamoyl-l-(a-styryl)-l,2,3- 

triazole, diazotization, 75,88 

1- Aminocarbonyl-l,2-diaza- 1,3-butadienes, 

in synthesis of pyridazines, 75,188 

2- Aminocarbonylethyl-l,2,3,4- 

tctrahydroisoquinolines, 73,194 

3- Aminocarbonyl-l-methoxypyridinium salt, 

74, 198 

3- Aminocarbonyl-1 -methylpyridinium salt, 

74,92 

/V-(2-Aminocarbonylphenyl)-5- 
chloropentanamide, 73,253 

4- Amino-5-carboxamido-l,3- 

dimethylimidazolium 
p-toluenesulfonate, rearrangement, 

75,107 

5- Amino-4-carboxamido-l-(2-nitrophenyl)- 

1//-1.2,3-triazole, 74,15 

2-Amino-4-carboxamido-l,2,3-triazolc, 
reaction with benzoylacetone, 71,61 

7- Amino-6-carboxamido-l,2,4-triazolo[4,3- 

ajpyrimidine, 73,157 

6- Amino-2-chloro-7-methylpurine, 74,58 

4-Amino-6-chloro-l-methylpyrazolo[3,4- 

rfjpyrimidine, 74,58 

6-Amino-2-chloro-5-nitropyridine, 74,16 


8-Amino-7-chloro-3-oxo-l,2,4-triazolo[4.3- 
cjpyrimidine, acid catalysis acetylation, 
75, 265 

2- Amino-6-chloro-4-phenylquinoline-3- 

nilrile, 73, 223 

3- Amino-6-chloropyridazine, formation of 

/V,/V-dimesyIaled derivative, 75,207 
(1 (R)cw)-3-[(5-Amino-7-chloro-3W-l ,2,3- 
triazolo[4,5-d]pyrimidin-3-yl)-methyl]- 
1,2,2-trimethylcyclopentyimethanol, 71, 
106 

7-Aminocholesterol tryptamine, 74, 88 
(0- Amino-a-cyanoacryloylmethyl )- 
pyridinium chloride, reaction with 
carbon disulfide, 72,336 

1- Amino-4-cyano-2-azabutadiene, 74, 26 

2- Amino-3-cyanobenzodiazepinium 

chloride, reduction, 71,29 

2- Amino-3-cyanobenzodiazepinium salts, 

71,41 

reaction with active methylene 
compounds, 71, 43 

reaction with alkyl or aryl isocyanates, 

71,45 

reduction, 71,45 
oxidation, 71,45 

7-Amino-6-cyano-l,3-dimethylpyrido[2,3- 
<fjpyrimidine-2,4(l W,3f/)-dione, 74, 184 

5- Amino-6-cyano-3,7-diphcnyl-1,2,4- 

triazolo[4,3-u]pyrimidine, 72, 175 
7-Amino-6-cyano-5-(4-methoxyphenyl)- 
l,2,4-triazolo[4,3-a]pyrimidine, 73, 156 

1- Amino-4-cyano-2-nitrobuta-l,3-diene, 

74,16 

4- Amino-l-cyano-2-phenyl-1 -aza-1,3- 

buladienc, 74,34 

4-Amino-l -cyano-4-phenyl-l -aza-1,3- 
butadiene, 74,38 

6- Amino-5-cyano-4-phenylpyrimidine, 

74,26 

3- Amino-4-cyanopyridazine, 75,189 

4- Amino-3-cyanopyridine, 72, 94 

3-Amino-2-cyanopyrrolizines, 72, 93 

2- Amino-3-cyanothiophenes, 72, 94 

5- Amino-6-cyano-l,2,3-triazolo[4,5- 

d Ipyridine, 71, 84 

7- Amino-6-cyano-l ,2,4-triazolo[l ,5- 

ajpyrimidine, 73, 156 
acid catalysed retro-Dimroth 
rearrangement, 73,157 
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7- Amino-6-cyano-1.2,4-triazolo[4,3- 

o [pyrimidine, 73 , 157 
(S)-lO-(l-Aminocyclopropyl)- 9-fluoro-7- 
oxo-2.3-dihydro-7f/-pyrido[ 1 ,23-de\- 
1,4-benzoxazine-6-carboxylic acid, 71 , 
177 

Aminodechlorination, 74 , 17,18.22,24,32. 
53,61,65,72 

Aminodeethoxylation, 74 , 101,102 
Aminodefluorination, 74 , 63,72 
Aminodehalogenation, 74 , 21,28,33.34. 
37,58,62.63,71,75 

Aminodehydrogenation, 74 , 41,45,46,47, 
50,52,62,67,76.77,79 
Aminodehydroxylation. 74 , 15 
Aminodemelhylthiolation, 74 , 62.63.69 
Aminodenilration, 74 , 125 
Aminodeoxogcnation, 74 , 56,75 

5-Amino-l-(2-dcoxy-/l-D- 

ribofuranosyl)imidazole-4-fA-(4- 
nitrophenyl)carboxamide], 75, 130 

2- Amino-4,6-dichloropyrimidine, 

condensation to triazolopyrimidines, 
71,88 

5- Amino-4,6-dichloropyrimidine, cyclisation, 

71,70 

in preparation of triazolopyrimidines, 
71,91 

3- Amino-4,5-dicyanopyridazines, 75 , 192 
2-Amino-4.6-dicyanopyrimidine, 74 , 38 
a-Arnino-0,/3‘-dicyanostyrene, 74 , 26 

8- Amino-9,10-difluoro-3-methyl-7-oxo-2.3- 

dihydro-7//-pyrido[ 1,2,3-r/e]-l ,4- 
benzoxazinc-6-carboxylic acid, 71 , 176 
(3S)-5-Amino-2,3-dihydro-8,9-dihydroxy- 
I H-pyrimido[l ,2-o]quinoline-3- 
carboxylic acid, characterisation by 
UV/vis spectra. 73 , 187 
halogcnation, 73 , 210 
biogenesis, 73 , 259 
2-Amino-3.4-dihydro-3-methyl-4- 
oxopteridine, 74 , 174,75,137 

6- Amino-4,5-dihydro-4-oxo-l - 

methy)pyrazolo-[3,4-<7] pyrimidine. 

74 , 58 

4- Amino-6,7-dihydro-6-oxo-l - 

methylpyrazolo[3,4-r/]pyrimidine, 

74 , 58 

2-Amino-1.2-dihydro-4-phcnyl-pyrimidine, 
74 , 49 


8-Amino-3,4-dihydro-2//-pyrimido[l,2- 
njisoquinoline, 73 , 200 
(lS)-5-Amino-8,9-dihydroxy-2,3-dihydro- 
l/7-pyrimido[l ,2-«]quinoline-1 - 
carboxylic acid, biogenesis, 73 , 259 
(1 S)-5-Amino-8.9-dihydroxy-2,3-dihydro- 
1 f/-pyrimido[2,1 -(([quinoline-1 - 
carboxylic acid. X-ray crystallography, 
73 , 191 

(lS)-5-Amino-8,9-dihydroxy-2,3-dihydro- 
l//-pyrimido[2,l-n]quinoline-3- 
carboxylic acid. 73 , 189,190 

5-Amino-8-(I,2-dihydroxyethyl)-7-phenyl- 
l,2,4-triazolo[l,5-c]pyrimidine, 72 , 194 
4-Amino-2-(dimethylamino)-6- 

methoxypyrimidine. preparation of 
triazolo[4,5-d]pyrimidines, 71 , 67 

7- Amino-2.4-dimethylbenzodiazcpine, 71, 25 
acetylation. 71,29 

2-Amino-3,5-dinitropyridine, 74 , 18 
4-Amino-3,5-dioxo-2,3,4,5-tetrahydro-1.2.4- 
triazine, 74 , 120 

2-Amino-3.6-diphenylpyrazine, 74 , 66 
/V-Amino-4,6-diphcnylpyrimidinium 
mesitylenesulfonate, 74 , 103 
1 -Amino-4,5-diphenyl-l ,2.3-triazole, 

oxidation with 1-chlorobenzotriazole, 
75 , 57 

8- Amino-5,7-disubstituted-l,2,4-triazolo[4,3- 

cjpyrimidine, 75,269 

2-Amino-3-ethoxycarbonylbenzodiazcpinium 
salts. 71 , 41 

4- Amino-5-ethoxycarbonyl-2-cyanimino-3- 

R-thiazoline, 74 , 216 
2-Amino-3-ethoxy carbonyl-4,5- 
dihydrofuran, in preparation of 
triazolof 1,5-o]pyrimidines. 72 , 142 
2-Amino-3-ethoxycarbonyl-5,6-dihydro-4/7- 
thiopyran, in preparation of 
triazolo[1.5-fl]pyrimidines, 72 , 142 
7-Amino-6-elhoxycarbonyI-l,3- 

dimcthylpyrido [2,3-d]pyrimidine- 
2,4(1 H, 3//)-dione, 74 , 185 

5- Amino-4-ethoxycarbonyl-1 -phenyl-1,2,3- 

triazole, rearrangement, 75 , 144 
5-Amino-6-ethoxycarbonyl-1,2,4- 
triazolo[4,3-o]pyrimidinc, 72 , 174 
5-Amino-6-(2-ethoxy)ethylidenecarbazoyl- 
3-methyl-l ,2,4-triazolo[4,3- 
a]pyrimidine, 72 , 174 
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A , - h (/3-Aminoethyl)adenosine, 74 , 177 

2-Aminoethyllhiobenzodiazepincs, 71 , 36 

5- (2-Aminoethyl)-1,2,4-triazolc 

dihydrochloride, reaction with aromatic 
aldehydes, 72 , 187 

6- Amino-5-formyl-1,2-dihydro-2-imino-l- 

methylpyrimidine, 74 , 188 

6- Amino-5-formyI-1,3-dimethyluracil, failure 

to rearrange, 75 , 115 

2- Amino-3-formylthiophencs, 74 , 183 

3- Aminofurans, 72 , 81 

4- Aminofuran-2-ones, 72 , 81 

3- Aminofurazan, 74 , 204 

4- Aminofurazan-3-carboxamidoximes, 74 , 

206 

Aminofurobenz[6,/]azocines, 72 , 85 
Aminofuro[2,3-c]pyridazine carboxylates, 

72 , 85 

2- Aniino-l,2,3.6,7,l 1 />-hexahydro-4//- 

pyrazino[2,1 -n]isoquinolin-4-one, 71 , 

206 

1 - Amino-2-hydrazinopyrimidine. cyclisation, 
72 , 128 

3- Amino-2-hydrazinopyrimidin-4-ones, 

reaction with orthoesters, 73,159 

7- Amino-5-hydrazino-1,2.4-triazolo[ 1,5- 

cjpyrimidinc, retro-Dimroth 
rearrangement. 75 , 263 
Aminohydroxy replacement, 74 , 92 

3-Amino-2-hydroxyboranes, in heterocyclic 
synthesis, literature review. 73 , 303 

1- Amino-6-hydroxylamino-l,3-diazahcxa- 

1,3,5-triene. 74 , 108 

2- Amino-4-hydroxv-6-phcnylpyrimidine, 73, 

164 

1-Aminoinosine, 74 , 116 

3- Aminoisoquinoline, 74 , 20 

1- Aminoisoquinolinide, 74 , 19 

4- Aminoisothiazoles, 72,114 

5- Amino-7-methoxy-l,2,3-triazolo[4,5- 

r/]pyrimidine, glycosylation, 71 , 94 
Amino-methylamine exchange, 74 , 97 

5-Aminomethyleneamino-4-(2-cyano-2- 
ethoxycarbonylvinyl)-1,2,3-triazole, 

71 , 84 

5- Amino-l-methylimidazole-4-carboxamide, 

75 , 107 

2- Amino-1 -methyl-17/-imidazole-4,5-dionc, 

rearrangement, 75 , 105 

6- Amino-3-methyl-l-phenyl-5-(N- 

substituted iminomethyl)uracil, 75 , 115 


6-Amino-3-methyl-l-phenyluracil, failure to 
rearrange, 75 , 115 

3-Amino-7-methyl-5-propyl-l ,2,4- 

triazolo[4,3-c]pyrimidine, acetylation, 

75 , 265 

5-Amino-1 -methylpyrazole-3,4- 
dicarbonitrile, reaction with N- 
substituted amides, 75 , 122 

2- Amino-4-melhylpyrimidine, cyclisation, 72, 

129 

by animation of 4-methylpyrimidine, 

74 , 52 

3- Aminomethyl-4W-pyrimido[2,1- 

a]isoquinolin-4-one, 73, 201 

4- Amino-2-methylquinazoline, 74 , 61 

5- Amino-3-methyl-l,2,4-thiadiazole, 74 , 207 

2- Amino-4-methylthio-l,5-benzodiazepines, 

as anticonvulsants, 71 , 3 

1- Amino-2-melhyllhiopyrimidinium iodide, 

reaction with hydrazines, 75,110 

3- Amino-5-mcthylthiothiophenes, 72, 97 
5-Amino-3-methylthio-l ,2,4-triazole, in 

formation of cyclopenta[e]- 
triazolopyrimidines, 72 , 135 
reaction with 4-ethoxymethylene-2- 
phenyl-5(4//)-oxazolone, 72 , 142 

4- Amino-5-mcthyM-(/;-tolucnesullonyl )- 

benzotriazolc, 74 , 193 
rearrangement, 75 , 145 

4- Amino-2-methyl-l,3,5-triazanaphthalene, 

74,61 

5- Amino-3-methyl-l.2,4-triazole, reaction 

with 2-hydroxymethylenecyclohexanone, 
72 , 135 

4-Amino-2-methyl-1,2,3-triazole-5- 
carboxamide, cyclisation, 71, 68 
yV-Aminomorpholine, 74 , 127 
2,3-Amino-l,4-naphthoquinone, reaction 
with 1,3-diketones, 71 . 11 

3- Amino-2-nitrobenzothiophene, 72 , 105 

6- Amino-8-nitro-3,4-dihydro-2//- 

pyrimido[ 2.1 -ujisoquinoline, 73, 211 

4 - Amino-5-nitro-6-imino-1 - 

methylpyrimidine, 74,166 

2- Amino-5-nitropyridine, 74 , 15,16,142; 75 , 

110 

2-Amino-3-nitroso-4/7-py rimido[2,1 - 
a]isoquinolin-4-ones, 73 , 210 
2-Amino-4-oxazolinones, synthesis, 
literature review, 73 , 338 
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1- Ammo-6-oxo-3-phenyl-5,6-dihydro-3H- 

pyrido[l,2-a]quinazoline-2-carbonitrile, 

73,253 

2- Amino-4-oxo-4//-pyrimido[l ,2- 

ajisoquinoline, IR spectra, 73,188 

4-Amino-2-oxo-2/7-pyrimido[l,2- 

n]isoquinoline, IR spectra, 73,188 
NMR spectra, 73,189 

4-Amino-6-oxo-6f7-pyrimido[l,2- 

£>]iosquinoline-3-carbonitrile, 73,222, 
255 

4- Amino-6-oxo-6//-pyrimido[ 1,2- 

6]iosquinoline-3-carboxylate, 73,222, 
255 

8-(and 9-)Aminoperhydropyrido[2,l- 
c][l,4|oxazines, acylation, 71,175 
tram-3,9a-W-3-Aminoperhydropyrido[2,1- 
c][l,4]oxazines, acylation, 71,175 

2- Aminope rhydro[ 1,2-a]pyrazines, 

condensation reaction, 71,201 

3- Aminophenanthro[9,10-eJl,2,4-triazine, 

74,76 

3-Amino-3-phenylacrylonilrile, 74, 37 

2-Amino-3-phenylazo-4iF/-pyrimido[2,l- 
a]quinolin-4-ones, 73,243 

2-Araino-4-phenyl-1,5-benzodiazcpines, as 
tranquilizers, 71, 2 

2-Amino-3-phenyl-5-nitropyridine, 74,142 

2-( 2-Aminophenyl)perhydropyrido[ 1,2- 
a]pyrazin-l-one, 71, 204 
2-Amino-6-phenylpurine, 74, 61 

5- Amino-2-phenylpyrazine, 74, 67 
2-Amino-4-phenylpyrimidine, 74,34,37,38, 

47-51.131 

2- Amino-4(5)-phenylpyrimidines, 74,51,131 

6- Amino-2-phenylpyrimidine, 74,59 

6-Amino-4-phenylpyrimidine, 74,21,23,47, 
48,49,50 

6-Amino-5-phenylpyrimidine, 74,51 

3- Amino-2-phenylthieno[2,3-c]pyridine, 72, 

109 

3- Amino-5-phenyl-l ,2,4-triazine, 74, 74 

4- Amino-2-phenyl-l ,3,5-triazine, 74, 76 
2-Amino-4-phenyl-l ,2,3-triazole, reaction 

with benzoylacetone, 71, 61 

5- Amino-l-phenyl-1//-l,2,3-triazolc-4- 

carbonitrile, 71,81 

5-Amino-2-phenyl-l,2,4-triazol-3-one, 
reaction with acetoacetylbenzofurans, 
73, 146 


2-Aminopiperazine, trinuclear adduct with 
ruthenium, 72, 37 

2-Amino-4-piperidinopyrimidine. 74, 42,43 

6-Amino-4-piperidinopyrimidine, 74,43 
1 -(3-Aminopropyl)quinolin-2( 17/)-one, 73, 
194 

1 -(3-Aminopropyl)-l ,2,3,4- 

tetrahydroquinoline, 73,198 
2-Aminopurine, 74,60 

2- Aminopyrazine, 74,65 

reaction with picryl chloride, 75,143 
Aminopyrazoles, synthesis, 72, 301 

3- Aminopyridazines, 75,207 

reaction with substituted isoxazoles and 
isothiazoles, 75, 199 

1-Aminopyridazinium nitrate, preparation, 
75,201 

6-Aminopyrimidines, 75, 115 

1- Aminopyridinium salts, 74, 88 

2- Aminopyridines, metal complexes, 72, 36 

2- Amino[ 15 N]pyridine, 74, 14,163 

3- Aminopyridine, metal complexes, 72, 37 

4- Aminopyridine, 74, 9 

2-Amino-11 //-pyrido[2,l-6]quinazolin-l 1 - 
one, 73, 222 

6-Amino-11 H- pyrido[2,1 -6]quinazolin-11 - 
one, 73, 222 

2-Aminopyrimidine, amination with O- 
mesitylenesulfonylhydroxylamine, 72, 
128 

reaction with aryl cyanides, 72, 129 
from enaminoaldehydes, 72, 329 

4-Aminopyrimidine 3-oxides, 74,170 
jV-Aminopyrimidinium mesitylenesulfonates, 
74,107 

2- Amino-47/-pyrimido[2,1 -a]isoquinolin-4- 

one, 73,211 

4-Amino-2//-pyrimido[2,l-a]isoquinolin-2- 
one, 73,211 

A-Aminopyrroles, conversion to pyridazines, 
75,184 

3- Aminopyrroles, 72, 86,89 

4- Aminoquinazoline, 74,53.56,58 

4- Amino-l//-quinazolin-2-one-3(!V)-oxide, 

75,120 

2- Aminoquinoline, formation, 73,194 

3- Amino-2-quinoxalinyl-benzofuranes, 

72,83 

5- Amino-3-/3-D-ribofuranosyl-1,2,3- 

triazolo[4,5-d]pyrimidin-7-one, 71, 91 
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2- Aminosclenophenes, 72,111 

1 -Aminosubstituted isobenzofurans, 73 , 17 
1 - Amino-1 -substituted-4- 

pheny lperhydropyrido[2,1 - 
c][l,4]oxazines, 71 , 223 

4- Amino-3-substituted-7//-pyrrolo[2,3- 

rf]pyrimidine, rearrangement, 75,120 

3- Amino-5-substituted-l,2,4-triazoles, 

annulation to triazolopyrimidines, 73, 
146 

reaction with ethyl acetoacetate, 73 , 150 
7-Amino-2-subslituted-l,2,4-triazoIo[l,5- 
c]pyrimidin-5(6//)-ones, 72 , 187 

4- Amino-1 -sulfonylated 1/7-benzotriazoles, 

74,193 

2- Amino-2,3,5,6- tetrahydro-7//- 

pyrido[l,2,3-rfe]-l,4-benzoxazin-3-ones, 

71,217 

7- Amino-3,4,5,6-tetrahydro-2//-pyrido[l,2,3- 

de\-\ ,4-benzoxazin-3-one, 71 , 167 

8- Amino-2,5,6,7-tetrahydro-3//-pyrido[l,2,3- 

dej- 1,4-benzoxazin-3-one, reaction with 
phthalic anhydride 71 , 180 

3- Amino-6,7,8,9-tetrahydro-l l//-pyrido[2,l - 

6]quinazolin-l 1-one, preparation, 73, 
197 

8-Amino-2,3,4,6-tetrahydro[l,3]thiazino[3,2- 
i>]isoquinolin-6-onc, 72 , 248 

5- Amino-l,2,3,4-tetrazole, 74 , 157,158 
rearrangement, 75 , 154 

Amino-1,2,3-thiadiazolopyridine, 75, 86 

5- Aminothiatriazole, pyrolysis, 72,401 
Aminothiazoles, synthesis, 72,304 
2-AminothiazoIe, cobalt complexes, 72, 35 

4- Amino-1,3-thiazoles, 72,114 
Aminothiazolopyrimidine, 75 , 135 
7-Aminothiazolopyrimidine. 75 , 87 

2- Amino-4-thiobcnzodiazepines, 

pharmacological activity, 71 , 36 

3- Amino-5-thiomethyl-1,2,4-thiadiazoles, 

rearrangement, 75 , 147 
3-Aminothiophenes, 72 , 98,99 
2-Aminothiopyranes, 72, 104 

l-Amino-4-(l-thymyl)propane, 74 , 118 
Amino-l,2,3-triazolcs, coordination 
compounds with transition metals, 
literature review, 73 , 339 

5- Amino-l,2,3-triazoles, reaction with ethyl 

acetoacetate, 71 , 60 
Dimroth rearrangement. 74, 194 


3-Amino-l ,2,4-triazoles, as precursors of 

1.2.4- triazolo[4,3-n]pyrimidines, 72, 128 
annulation to triazolopyrimidines, 73, 145 
reaction with 

ethoxymethylenemalononitrile, 73, 
146 

reaction with 1,3-keloesters, 73, 148 
reaction with diethyl malonate, 73, 150 
reaction with 3-ethoxyacrylaldehyde. 73, 
150 

reaction with 1,3-dimethylaminoketones, 
73,151 

reaction with a./l-unsaturated ketones, 73, 
152 

5-Amino-l,2,4-triazoles, in preparation of 

1.2.4- triazolo[l ,5-a]pyrimidines, 72,131 
reaction with 4,4-dimethoxybutan-2-ones, 

72,134 

5-Amino-l,2,3-triazolocarboxamides, 
cyclisation with formamide, 71, 72 
Amino-3//-l,2.3-triazolo[4,5-6]pyridine, 
rearrangement, 75,85 
Amino-3//-l,2,3-triazolo(4,5-c]pyridine, 
rearrangement, 75,85 

2- Amino-l,2,4-triazolo[l,5-c]pyrimidines, 72, 

190,75,252 

ultraviolet spectra, 75,271 

3- Amino-l,2,4-triazolo[4,3-c]pyrimidine, 75, 

252 

hydroylsis, 75,264 
ultraviolet spectra, 75, 271 

7- Amino-3//-l,2,3-triazolo[4,5-d]pyrimidine, 

71,74 

glycosylation, 71, 94 

2- Amino-1,2,4-triazolo[ 1,5-aJpyrimidines. 72, 

141 

3- Amino-l,2,4-lriazoIo[l,5-a]pyrimidinium 

perchlorate, 72,128 

5-Amino-l,2,4-triazolo[4,3-a]pyrimidin-7- 
one, 73,155 

8- Amino-1,2,4-triazolo[4,3-n]pyrimidin-7- 

ones, 73,159 

3-Amino-l-(/n-trifluoromethylphenyl)-6- 
methyl-4( 1 //)-pyridazinone, 
polymorphism, 75,218 
(lS)-5-Amino-5,8,9-trihydroxy-2,3-dihydro- 
1 W-pyrimido[2,1 -n]quinoline-3- 
carboxylic acid, 73, 189,190 
/V-Amino-2.4,6-trimethylpyrimidimum 
mesitylenesulfonate, 74, 104 
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2-(Amino)-4,6,6-lrimethyl-6//-l,3-thiazinc. 

rearrangement, 75, 140 
2-Amino-4,6,7-triphenylpteridine, 74, 63 
Ammonium bisulfite, 74, 92 
Anaerobic synthesis of porphyrins, literature 
review, 73,313 

Anatoxin-A, synthesis, literature review, 73, 
326 

Aniline, 2-substituled derivatives, reaction 
with metal complexes, 72, 12 
2-Anilino-3-aminoquinazolin-4(3//)-onc, 74, 
110 

2-Anilino-3-aminoquinazoline-4(3//)- 
hydrazone, 74, 110 

4- AniIino-5-bromopyrimidinc. 74,4,44 
2-Anilino-3-cyano-iV-methylcrotonamide, 

75, 115 

6- Anilino-5-formyluracil, 75,115 

2- Anilino-4-hydroxy-6-methylpyrimidine, 73, 

162 

7- Anilinothiazolopyrimidine, 75,88 
Annulated 1,4-dihydropyridines, 72,323 
Annulated 1,2,4-triazines, literature review, 

73, 347 

[6j(4)-Anthracenophanes, 73,35 
6-(9-Anlhracenyl)-3(2//)-pyridazinone. 

preparation, 75,173 
Anthra[2,3-c]furan, 73,11 
6//-Anthra[9,1-bc]furan-6-ones, 73,20,21 
Antipyrinylazoanilincoxolriazolo- 
pyrimidines, 72,154 
Antrimycins, antibiotics, 75, 169 
Aragupetrosine alkaloids, 72,225 
NMR spectroscopy, 72,232 
Araguspongine alkaloids, 72,225 
NMR spectroscopy, 72,232 
absolute configuration, 72,271 
(+)-Araguspongine D, synthesis, 72,271 

5- Aralkyltriazolo[4,3-c]thienopyrimidines, 

isomerisation, 75,97 
Arenediazonium salts, coupling with 
unsaturated crotononitriles, 75,178 
Arginine, oxidation with 1- 
chlorobenzotriazole, 75,57 
8(9)-(Aroylamido)perhydropyrido|2,l- 
c][l,4]thiazines. gastric effects, 71,253 

3- Aroylamino-5-methyl-l,2.4-oxadiazoles, 

74, 204 

l-Aroylamino-4-phenyl-l,2.3-triazol-5-yl- 
aroylmethylphosphorus ylid, 
rearrangement, 75,146 


2-(Aroylamino)pyrimidines, 72, 129 

1- Aroylanthraquinones, reduction, 73, 20 
Aroylarylazo-l,2,4-triazolium salt, 74, 220 
LAroyl-2-benzoylethane, 73,282 

2- Aroyl-6-hydroxy-3(2//)-pyridazinones. 75, 

173 

7-AroyItriazolopyrimidines. 71, 78 
Arsoles, carbonylmetal species. 72,6 

3- Arylamino-l-acetylindolcs, synthesis, 72, 

309 

5-Arylamino-4-acyl-1,2,3-lhiadiazole, 
rearrangement, 75,147 
3-Arylamino-4-amino-5-oxo-4,5-dihydro- 
1,2,4-triazines, 74, 120 

2-Arylamino-4,6-dimethylpyrimidine, 74, 109 

2- Arylamino-4,6-dimethylpyrimidine 77- 

oxides, 74,108 

l-Aryl-5-amino-4-phenyl-l, 2,3-triazoles, 74, 
156 

5-Arylamino-4-phcnyl-l,2,3-triazoles, 74, 156 

1- Aryl-5-amino- 1,2,3-triazole, 74, 155 

5- Arylamino-l,2.3-triazole, 74, 155 

3- Arylamino-l,2,4-triazolo[4,3-c'|pyrimidines, 

75,254 

3-Aryl-5-arylidene-2-methylthiomidazolin-4- 
one,74, 128 

9-Aryl-8-azaadenines, biological properties, 
71,98 

2- Aryl-8-azahypoxanthine, crystal structure, 

71,65 

7-Arylazo-8-methyl-6-oxo-2.3,4,6- 
tetrahydropyrido[2,1 -b ] [ 1,3]- 
oxazinecarboxamides, 72,237 

2- Arylbcnzodiazcpine-4-carboxylic acids. 

71,12 

3- Aryl-1-diazoalkancs, elect rocyclisation 

reactions, 73, 112 

2- Aryl-4.5-dichloro-3(2//)-pyridazinones, 75, 

175 

6- Aryl-3,4-dihydro-2//-pyrimido[2,l- 

a]isoquinolines, 73,233 

3- Aryl-4,6-dimethyl-5,7-dioxo-l,2,3- 

triazolo[4,5-d]pyrimidincs, 71,70 
l-Aryl-4,6-dimethyl-2 (1/7)- 
pyrimidinethiones, 74, 108 

4- Aryl-3,5-dioxo-2,3,4,5-tetrahydro-l,2,4- 

triazine, 74, 120 

Aryl-2,4-diphenylbut-3-enoie acids, 73, 282 
6-Arylethenyl-3(2//)-pyridazinones, 

75, 173 
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6- AryI-3-clhoxycarbonyl-4- 

hydroxvpyridazines, structure, 75,218 

2- AryI-4-ethoxycarbonyl-l-oxo-l,2- 

dihydropyrido[1.2-a]pyrazin-5-ium-3- 
olates. 71,247 

10-Aryl-9-fluoro-7-oxo-2,3-dihydro-7//- 
pyrido( 1,2,3-rfe]-1.4-benzothiazine-6- 
carboxylic acids, topoisomerase 
inhibition, 71, 146 

cis-7.1 lb-//-Aryl-2,3,4,6,7,l 16-hexahydro- 
l//-pyrazino[2,l-n]isoquinolinc, as 
antidepressants, 71,254 

3- Aryl-2,6,7,8.9.9fl-hexahydropyrido[1.2- 

«]pyrazin-l-ones, 71,239 
catalytic hydrogenation, 71,188 

7- Aryl-2,3,4.8,9,9«-l//-hexahydropyrido[1,2- 

ajpyrimidines, conformational analysis. 
71, 161 

3-Aryl-2-hydrazino-4(3//)-quinazolinone, 
rearrangement, 75, 117 
3-Aryl-2-hydrazonothiazoline, 74, 162 
6-Arylhydrazono-1,2.3.4,6,7,8,9-octahydro- 
11 W-pyrido[2.1 -hjquinazolin-11 -ones, 
taulomcrisation, 73,184,189 
6-Arylhydrazono-6.7,8,9-tetrahydro-11 H- 
pyrido[2,l-6|quinazolin-l 1-ones, 
tautomerisation. 73, 184 

6- Arylhydrazono-6.7,8,9-letrahydro-ll//- 

pyrimido[2.1-/>Jquinazolin-l 1-oncs, 73, 
208 

7- Arylhydropyrido[ 1,2-]pyrimidines, 

conformational analysis, 71,161 
3-Aryl-3-hydroxyperhydropyrido[2,1- 
fo][l,4]oxazines, reduction, 71,163 
3-Aryl-3-hydroxyperhydropyrido[2,l- 
c] [ 1,4]oxazines, 71,221 
6-AryI-6-hydroxy-3,4,6,7-tetrahydro-2//- 
pyrimido[2,l-a]isoquinolines, 73,233 
5-Arylidene-3-amino-2-arylimino- 
imidazolidin-4-one, 74,128 

3- Arylidene-2(3W)-benzofuranones, reaction 

with diarylnitrilimines, 75,181 
(E)-1 -Arylidenc-1,3-dihydroisobenzofuran, 
heating wiLh dienophiles, 73,19 

4- Arylidenehvdrazino-5-bromo-6-methyl-2- 

methylthiopyrimidines, 
hclerocyclisation, 75,268 

4-Arylidcnehydrazino-6-methyl-2- 

methylthiopyrimidines, reaction with 
bromine in acetic acid, 75,268 


2- Arylidenehydrazino-6-methylpyrimidin-4- 

one, cyclisation, 73, 136 
4(6)-Arylidenehydrazinopyrimidines, 75, 245 

5- Arylidene-4-oxopentanoic acids, in 

preparation of pyridazines. 75, 173 

6- Arylidene-l l-oxo-6,7,8,9- tetrahydro-11 H- 

pyrimido[2,l-h]quinazolinecarboxylic 
acids, 73, 206 

3- Arylimino-3//-indoles, formation, 75, 63 

2- Aryl-3-imino-5-methyl-l,2,4-triazolo[4,3- 

u]pyrimidin-7-one, 73, 156 

8- Aryl-6-imino-2,3,4,6-tetrahydropyrido(2,1 - 
6][1.3]thiazine-7-carbonitrile. 72, 265 
1 - Arylisobenzofurans, 73, 13 

4- Aryl-4-ketobutyric acids, in preparation of 

tetrahydropyridazinones, 75,172 
(E)-3-(Arylmethylene)-5-phenyl-2(3//)- 
furanones, 1,3-dipolar cycloadditions, 

73,278 

6-Arylmelhyl-3(2W)-pyridazinoncs, 
mercuriation, 75, 204 
6-Aryl-5-mcthyl-3(2W)-pyridazinones, 75, 

172 

Arylmethyl sulfoxides, chlorination with 1- 
chlorobenzotriazole, 75,42 

4- Aryl-3-M.r(mclhyithio)methylene-4- 

oxobutanenitriles, in synthesis of 
pyridazines, 75, 175 
6-Aryl-5-b«(methylthio)mcthyl- 
3(2//)pyridazinones, 75, 175 
1 -Aryl-2-methythiopyrimidinium iodide, 
reaction with hydrazine, 75,110 

3- Aryl-7-methyl-l,2,4-triazoIo[4.3- 

«]pyrimidin-5-one, 73,137 

1- Aryl-4-nitroimidazole, 74,126 

5- Aryl-1,2,4-oxadiazoles, 74, 203 
3-Arylphthalides, 73,14 
Aryl-2-propenoic acids, in synthesis of 

hctcrocycles, literature review, 73, 307 
Arylpropynamides, in preparation of 1,5- 
benzodiazepines, 71, 12 
M-Arylpyridazines, halogenation, 75, 197 

6- Arylpyridazine-3(2//)-thiones, 

tautomerism, 75,214 
1 - Aryl-4( 1 W)-pyridazinones, 75, 175 

2- Aryl-3(2/y)-pyridazinones, 75, 175 
1 -(6-Aryl-3-pyridazinyl)-3- 

hydroxypyridinium chlorides, formation 
of unstable hydroxypyridinium 
betaines, 75, 212 
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Arylselenium chloride, oxidation with 1- 
chlorobenzotriazole, 75,70 

IV- Aryl-4-substituted benzhydrazonoyl 

chlorides, as precursor to 
diarylnitrileimines, 73,141 
Aryl-substituted 1,4-dihydropyridines, 72, 
307 

3-Aryl-8-substituted-1,2,4-triazolo[4,3- 

а] pyrimidin-7-ones, 73,136 

1- Arylsulfonyl-4-nitroimidazoles, 74,127 

3- Aryl-l,4,5,6-tetrahydropyridazines, 75, 174 

7- Aryl-7,8,9,1 l-tetrahydropyrido[2,l- 

б] [ l,3]benzoxazin-l 1-ones, 72,258 
11-Aryl-3,4,6,1 l-tetrahydro-2/7- 

p yri m ido[ 1,2-6]isoq ui nol in-11 -oles, 73, 
239 

2- Aryl-4-thiobenzodiazepines, 71,36 
2-(Arylthio)-l,2,4-triazolo[l,5-a]pyrimidines, 

72,150 

as herbicides, 72,169 

4- Aryl-1,2,4-triazoline-3,5-diones, photolysis, 

72, 400 

2-Aryl-l,2,4-triazolo[l,5-a]pyrimidines, 
preparation, 72, 129 
2-Aryl-1,2,3-triazolo[4,5-d]pyrimidines, 
preparation, 71, 67 

V- Aryl-1,2,4-triazolo[ l,5-c]pyrimidinc-2- 

sulfonamides, 72, 196 
2-(3-Aryl-l,2,4-triazol-5-yl)-2-nitro-U- 
ethenediamines, in preparation of 
nitrotriazolopyrimidines, 72,187 
A-"-Assisted heterocyclization, 74,220 
Atisine, synthesis, literature review, 73,317 
Aurantimycins A, B and C, 75,170 

8- Azaadenines, 71, 75 
methylation, 71,75 

8-Azaadenine-2'-deoxyribofuranosidcs, 
hydrolysis, 71, 98 
8-Azaadenosine, 71, 89 
8-Aza analog of 9-[2-(phosphonomethoxy)- 
ethyljadenine, as antiviral. 71,102 
8-Aza analog of 9-[2-(phosphonomethoxy)- 
ethyl]guanine, as antiviral, 71,102 
7-Azabicyclo[2.2.1]hepta-2,5-dienes, 
literature review, 73,309 
2-Aza-4-cyano-3-phenyl-l-piperidino-1,3- 
butadiene, 74, 12 

5- Azacytosine, 74,148 
Azadienes, in Diels-Alder reactions. 

literature review, 73,340 


Azaferrocene, formation of binuclear 
chromium complexes. 72,16 
complexes, 72, 7 

8-Azaguanine, reaction with (R)- and (S)-2- 
0-[(diisopropylphosphono)methyl]-l- 
0-(methylsulfonyl)-l,2-propanediol, 71, 

105 

8-Azaguanine nucleosides, 71, 98 
(f?)-8-Aza-8-[3-hydroxy-2- 

phosphonylmethoxypropyl]guanine, 71, 

106 

8-Azahypoxanthine, 71,75 
biological properties, 71,98 
8-Azainosine, 71, 92 

1- Aza-4\ 5 -phosphinines, 72,337 

1 l-Aza-4\ 5 -phosphinines, 72,306 
(R and 5)-8-Aza-9-[(2-phosphonomethoxy)- 
propyljguanines, antiviral activity, 71, 
109 

8-Azapurine, 71,71 
methylation, 71, 63 
8-Azapurin-6-ones, 71, 72 
13-Azasteroids, 73, 121 
C-nor-13-Azasteroids, 73, 121 
8-Azathioguanosine, 71, 89 
5-Azauracil, 74,148 

Aza-Wittig reactions, literature review, 73, 
305 

8-Azaxanthine, alkylation, 71, 64 
8-Azaxanthosine, 71, 91 

2- Azepinones, from cyclic enaminoamides 

and dimethyl acetylenedicarboxyiate, 
72,338 

5- Azido-l-benzyl-4-cyano-l,2,3-triazole, 

reaction with active methylene 
compounds, 71,74 

3'-Azido-3'-deoxythymidine, conversion to 
tetrazolo[1,5-a]pyrimidines, 72,209 
10-Azido-9-Huoro-7-oxo-2,3-dihydro-77/- 
pyrido[l ,2,3-de]-l,4-benzoxazine-6- 
carboxylic acid, 71, 176 
Azido-imine, 74,157 
Azidopyrans, 73,105 
Azidopyridazines, reduction, 75,209 

6- Azidotetrazolo[l,5-f>]pyridazine, 

conversion to 3,6-diaminopyridazines, 
75,185 

5-Azidotetrazolof 1,5-o]pyrimidines. 72,207 
Azirines, from 1,2,3-triazolines, literature 
review, 73, 339 
literature review, 73,328 
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(Z)-2/7-Azirine, photochemical ring 
opening, 73, 99 
(E)-Azirine, photolysis, 73, 99 
Azirlencquniones, reaction with 
isobenzofurans, 73, 50 
4-Azo-5-amino-hydroxy-pyrazolones, metal 
complexes, 72,45 
Azobenzene. 74,51,67 
Azoles, cyclometallation reactions, 72,13 
literature review, 73, 330 
4-Z-Azolylvinyl-substituted pyridazines, 75, 
182 

Azomethines, complexation reactions, 

72, 11 

Azoverdins, spectra, 73,187 
Azuleno[4,5-c]furan, preparation, 73, 28 


Bajunoside, synthesis, literature review, 73, 
326 

Base-catalyzed fragmentation, 74, 131 
Base-induced fragmentation, 74, 29 
Bcnz[c]acridines, synthesis, literature review, 
73, 343 

Benzaldehyde, reaction with 1,3- 
dichlorotriazole, 75, 39 

2- Benzalhydrazino-5-cyano-6-phenyl-3,4- 

dihydropyrimidin-4-one, 
rearrangement, 75, 91 

a-Benzamido-5-(methoxymethyleneamino)- 
l-phenyltriazole-4-acetonitrile, 71, 87 
Benzamidine, 74,73, 137,138 
Bcnzanalog of Dewar furan, 73,55 
Benzannulated 8-oxabicyclo[3.2.1]octenones, 
73, 50 

Benzazepines, by 1,7-clectrocyclisation, 73, 
100 

from morpholinoallenes, 73,114 
Benzimidazole, metal complexes, 72, 27 
Benzimidazolo-pyridazinones, 75, 189 

3- (2'-Benzimidazoyl)-2,4-dimethyl-1,5- 

benzodiazepine, 71, 5 
Benzimidosulfimides, reaction with 
enamines, 72, 329 

Benzisoxazolyl-3-methanesulfonamide, 
antiepileptic acitivity, literature review, 
73, 322 

2-(Benzisoxazol-3-yl)-7-[2-(3,3- 

tetramethyleneglutarimido)ethyl]- 
perhydro[l,2-a]pyrazine, 71, 202 


Benzoazoles, cyclometallation reactions, 
72,13 

Benzo[c][4/7]chromene-4.7,10-trione, 72, 

296 

Benzodiazepines, structure-activity 

relationships, literature review, 73,348 
1/7-2,3-Benzodiazepines, by electrocyclisation, 
73, 109 

formation from nitrile unifies, 73, 106 
1,5-Benzodiazepines, protonation, 71,2 
tautomerisation, 71, 18 
bond order calculations, 71, 19 
IR spectra, 71, 22 
mass spectra, 71, 23 
basicity, 71, 23 
ring contraction, 71, 24 
2-Benzodiazepinethione, alkylation, 71, 36 
Benzodiazepinium dications, IR spectra, 

71, 22 

Benzodiazepinium monocations, IR spectra, 

71, 22 

Benzodisilacyclobutcne, chemistry, literature 
review, 73, 354 

Benzofurans, literature review, 73, 335 
Benzofurancarboxylic acids. 73, 281 
sp/ro[Benzofuran-3,l'-cyclohexene]. 72, 296 
Benzofurobenzodiazepinones, 72, 83 
Benzofuro[3,2-t>]pyridines, 72, 82 
Benzofuro[3,2-d]pyrimidine, 72, 83 
Benzofurylenamines, reaction with 
hydroxylamine, 72, 320 
2-(3-Benzofuryl)indoles, 72, 290 
Benzoisothiazoles, ring opening, 72,104 
Benzonaphtho[2.2]paracyclophanes, 73,34 
Benzo[c][l,8]naphthyridine-2-carboxylate, 
73,221 

Benzo-2,7-naphthyridones, synthesis, 

72, 323 

Benzonitrile oxide, reaction with furanones, 

73, 279 

Benzophenanthridine alkaloids, formation, 
literature review, 73, 316 
Benzophenohydrazone, oxidation with I- 
chlorobenzotriazole, 75, 59 
Benzopyranoisoxazolidines, chiral 

auxiliaries, literature review, 73, 337,344 
Benzoquinone, reaction with indane 
enamines, 72, 290 

p-Benzoquinone monoacetals, reaction with 
1-acetoxyisobenzofuran, 73, 42 
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Benzo-2,l-3-selenadiazole, metal complexes, 
72, 31 

Benzo-2,],3-thiadiazole, metal complexes, 

72,31 

6-Benzothiazolylpyridazines, 75,189 

6- Benzothienylpyridazines, 75,189 
Benzo[6]thiophene, 72, 17,104 

complexes with iridium complexes, 72,19 
Bcnzo[i>]thiophenylpyridazines, 75,188 

1.3.4- Benzotriazepines, formation by 
electrocyclisation, 73,108 

literature review, 73,348 
Benzotriazole derivatives, in synthesis. 

literature review, 73,339 
Benzo-1,2,3-triazolcs, 72,28 
Benzotriazole-l-oxides. 73, 117 
Benzo-6/x[l,2.4-triazolo[4,3-c]pyrimidine], 
75, 258 

Benzotriazolyl-l-enamines, rearrangement. 
72,328 

1.4- W.s(Benzolriazolylmethyl)piperazine, 

75, 56 

Benzo[l,2-c:3.4-c':5,6-c']trifuran,73,8 
2,6-Benzoxazecines, 72,243 

1.4- Benzoxazinylpyridazines, 75, 191 

3-Benzoylamino-5-methyl-l,2,4-oxadiazole, 

74,4,200 

2-Benzoyl-3-aminothiophenes, 72,98 

7- Benzoyl-4,4-bis(hydroxymethyl)-3.4- 

dihydro-1 W,6W-pyrido[2,1 - 
cjp,4]oxazine-l,6-dione, 71,225 

2- Benzoyl-7-chloro-4-phenyl- 

benzodiazepine, 71,17 

3- Benzoyi-3,3-dialkyl- 

1,2,3,6,7,116hexahydro-4tf- 
pyrazino[2,l-a]isoquinolin-4-one, 71, 

241 

6-Benzoyl-6,7-dihydro-3- 

phenyltriazolopyrimidine-7-carbonitrile, 
ring fission, 71,87 

3-Benzoyl-2,4-diphenylbenzodiazepine, 
hydrolysis, 71 ,25 

2-Benzoyl-l ,3,4,6,7,1 lo-hexahydropyrazino- 
[2,l-a]isoquinoline, 71,241 
2-Benzoyl-l ,2,3,6,7,116-hexahydro-4//- 
pyrazino[2,l-n]isoquinolin-4-one, 71, 
206,242 

2-Benzoyl-2,3,4,4fl,5,6-hexahydro-l//- 
pyrazino[ 1,2-a ]isoquinolin-4-ones, 71, 
241 


2-Bcnzoyl-1,2,3,6,7,11 6-hexahydro-4tf- 
pyrazino[2,l-n]quinoline-4,7-diones. 71, 
159 

reduction, 71, 190 

2-Benzoyl-2,3,4,4o5,6-hexahydro-l H- 
pyrazino[2.1-d]quinolin-4-ones. 
reduction, 71,189 

Benzoylketene dilhioacetals, reaction with 
o-phenylenediamine, 71,36 
2-Benzoyl-7-methylene-1.2,3,6.7,l 16- 
hexahydro-4H-pyrazino[2,1 - 
«]isoquinolin-4-ones, reduction, 71, 189 
2-Benzoyl-7-nilro-4-phenyl-benzodiazepine. 
71, 17 

l-Benzoyl-3-phenylisobenzofuran, 
preparation, 73, 19 

5-Benzoyl-3-phenylperhydrooxazolo[3,2- 
njpyridinc, 71,223 

1- Benzoylpyrazole, fragmentation, 72,395 
5-Benzoyl-l,3,4.U6-telrahydro[l,4]oxazino- 

[3,4-n]isoquinoline, 71, 214 

2- Benzoylvinylaminoaniline, reaction with o- 

phenylenediamine, 71, 15 
Benzylamine, formation of 

monochlorobenzylamine with 1- 
chlorobenzotriazolc, 75,45 

1- (<V-Benzyl-N-aminomethyl)benzotriazole. 

75, 55 

4- Benzylamino-3-methyI-4//-1,2,4-triazole, 

oxidation with 1,3-dichlorolriazole, 
75,57 

5- Benzylamino-3-phenyl-l,2,4-tri azole, 

reaction with ethyl ot- 
ethoxycarbonylacrylate, 72, 140 
Benzylaminopyrrolidin-2-one, 73, 285 
7-Benzylaminothiazolopyrimidine, 75, 87 

2- Benzylbenzothiazole, cyclopalladated 

complex, 72,13 

N-Benzyl-4-r-butylpyrimidinium salt, 74, 98 

1- Benzyl-5,6-dimethyl-3-phenylbenzofuran, 

preparation, 73,19 

iV-Bcnzyl-4,6-dimethylpyrimidi nium salt, 

74, 98 

1 l-6-Benzyl-3,4-diphenyl-6,7-dihydro-l IbH 
[l,3]thiazino[2,3-«]isoquinolinium 
tetrafluoroborate, 72,246 

4-Benzyl-6-ethoxycarbonyl-2-phenyl-1.2,4- 
triazolo[l,5-a]pyrimidin-7-one, 72, 140 

2- Benzyl-7-[/m-( /i-lluorophenyl)mcthylene]- 

perhydropyrido[ 1,2-a]pyrazin-6-one, 
hydrogenation, 71, 188 
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2- Benzyl-l .2.3,6.7,1 16-hexahydropyrazino- 

[2,l-«]isoquinoline, 71,237 

3- Benzyl-2.3,4,4«,5,6-hexahydro-l//- 

pyrazino[2,l-n]quinoline, reduction, 71, 
190 

3-Bcnzyl-2,3.4,4a,5,6-hexahydro-l//- 
pyrazino[l ,2-aJquinoline, 71,243 
3-Benzyl-2.3,4,4a,5,6-hexahydro-l//- 

pyrazino[ 1,2-a]quinoline-4.6-dione. 71, 

251 

2- Benzyl-2,3.4.6,7,8-hcxahydro-1 H- 

pyrido[ 1,2-a]pyrazin-l -one, methylation, 
71, 191 

3- Benzyl-2,3.4,6,7,8-hexahydro-ltf- 

pyrido[l ,2-a]pyrazin-l-one, reduction, 

71, 190 

3-BenzyI-7-hydroxy-l,2,3-lriazolo[4,5- 

rfjpyrimidine, reaction with phosphorus 
pentasulfide, 75,87 

6-Benzylidcnehydrazino-3-methyluracil, 
nitrozation, 75,245 

1-Benzylinosine, 74,116 
Benzyl isothiocyanates, reaction with 
cnaminoketones, 72,326 
l-Benzyl-A^-methoxyadenine, 74,178 
1-Benzyl-3-melhylamino-l ,2,3-triazole-4- 
carboxamide. 71, 71 
C&-U.1 la-//-l l-Benzyl-1-methyl- 
1,2,3.4,l 1,1 la-hexahydro-67/- 
pyrimido[ 1,2-6Jisoquinolin-6-one, acid 
catalysed ring opening, 73,191 

6- .V-Benzyl(methyl)-9-methyl-8-oxoadcnine, 

75, 134 

l-Benzyl(methyl)-9-melhyl-8-oxoadenine, 
rearrangement, 75,134 
(3R,9aS)-3-Benzyl-2-methylperhydropyrido- 
[ 1,2-a]pyrazine-l,4-dione, 71, 163 

5-Benzyl-7-methyl-8-propenyl-l,2,4- 
triazolo[l,5-c]pyrimidine, 72,192 
1 l-Benzyl-l-methyl-l,2,3,4-tetrahydro-6tf- 
pyrimido[ 1,2-b]isoquinolin-6-one, 
reduction, 73, 196 
preparation, 73, 204 

l-Bcnzyl-2-methylthiopyridinium salts, in 
synthesis of pyrrolo[l,2-a]pyridines, 

72, 94 

7- Benzyl-5-melhyl-1,2,4-triazolo[l ,5- 

c]pyrimidine, 75,94 
5-Benzyl-7-methyl-l,2,4-triazolo|4,3- 
( |pyrimidine. rearrangement, 75, 94 


2- Benzyl-5-nitropyrimidine, 74, 142 
7-Benzyl-6-oxoperhydropyrido[2,l- 

c][l ,4]oxazine-4-carboxylic acid, 71, 

183 

3- Benzyl-l -oxo-1,2,3,4-tetrahydropyrido[ 1,2- 

«]pyrazinium chloride, 71,233 

1- Benzyloxyadenine, ring opening, 75,132 
lO-(l-Benzyloxycarbonylaminocyclopropyl)- 

7-oxo-l ,2.3,7-letrahydropyrido( 1,2,3- 
rfc]quinoxaline-6-carboxylic acid, 71, 
242 

3- Benzyloxymethyl-l-ribosyl-5-cyanouracil, 

74,185 

7- Benzyloxy-2-methyl-2,3,4,8-tetrahydro- 

l//-pyrido[l,2-a]pyrazine-l,8-dione, 71, 
238 

8- Benzyloxy-3-methyl-1,2,4-triazolo[4,3- 

c]pyrimidine, hydrogenolysis, 72, 201 

6- Bcnzyloxy-2-phenyl-3-oxo-3T/- 

[l,3]oxazino[3,2-a]quinolinium-l-olate. 
solvolysis, 72,235 

4- Benzyloxyquinolin-2(l//)-one, 72,235 

7- Benzyloxy-3,4,8-trihydro-l//-pyrido[2,l- 

c][l,4]oxazine-3,8-dione, 71, 222 

2- Benzylperhydropyrido[l,2-a]pyrazine, 71, 

191 

2-Benzylperhydropyrido[l ,2-a]pyrazin-6- 
one, 71, 236 

2-Benzyl-4-phenyl-l-oxo-ll/-pyrimido[ 1,2- 
tr]quinolin-4-ium-3-olale, 73, 199 

1- Benzyl-l ,2,3,4-tetrahydroisoquinoline-1- 

carboxylic acids, 71, 188 

2- Benzylthio-3-phenylquinazolin-4(3W)- 

thione,74,110 

2-Benzyl-l,2,4-triazolo[4,3-a]pyrimidinium 
perchlorates, 73,146 
Betaine, 74,186 

Bicyclic intermediates, formation between 
3,5-dinitro-l-methylpyridin-2(l//)one 
and ketones/ammonia, 74, 132,133,134 
between 3,5-dinitropyridin-4(l//)one and 
diethyl sodio-3-oxopentanedioates, 
74,136,137 

between 5-nitropyrimidine and amidines. 
74, 140 

between 3-methyl-5-nitropyrimidin- 

4(3//)one and a ketone/ammonia, 74, 
145,146 

between 6-nitro-l,2,4-triazolo[l,5- 

a]pyrimidine and nitriles, 74, 180, 181 
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Bifunctional nucleophiles, 74, 130 
2.2'-Biimidazole, reaction with osmium 
complexes, 72, 27 
1,1 -Binapththyl-2,2'-ene, in chiral 

heterocycles, literature review, 73, 300 
Binuclear cr.jr-complexes, 72, 3 
Biphenyl nitrile ylides, 73, 101 
Bipolar species, 74, 159,212 
2,2'-Bipyridine, Ni(II) complexes, 72,10 
rhenium complexes, 72, 21 
4,4'-Bipyridyl, formation of oligomeric 
osmium complexes, 72, 22 

2.4- Bisalkylthiopyridines. 72, 107 
Bis[4-amino-3,5-bis(pyridin-2-yl)-l,2,4- 

triazole]bis(7,7',8,'- 
tetracyanoquinodimcthanido)- 
copper(II), 72, 38 

Bis(7-amino-5-methyl-2-substituted 1,2,4- 
triazolo[l,5-a]pyrmidin-6-yl)methanes, 

72, 147 

Bisaminothiazolylketones. 72, 114 
Bis(aminotriazolyl)methane, 72, 133 
Bis(arsabenzene)chromium, 72,23 
Bis(benzodiazepinyl)methanes, preparation 
from bis-(3,4-diaminophenyl)methane 
and 1,3-diketones, 71, 5 
Bis( benzotriazol- l-yl)selenide. 75, 70 
Bis(benzotriazolyl)sulfide, formation, 75,67 
Bis(p.-bromo)bis[bromobis(dmtp)- 

copper(II)]dihydrate, structure, 72,164 
2,4 Bis(bromomelhyl)benzodiazepine, 
nucleophilic substitution, 71, 31 

2.4- Bis(bromomethyl)benzodia7.epinium 

bromide, 71, 31 

2.3-Bis-t-butylthiobenxodiazepines, 71, 18 
Biselhoxycarbonylvinylamino-pyrroles, in 
synthesis of pyrrolopyridines, 72, 89 
(E)-Bisfuranones, thermal rearrangements, 

73, 287 

1 ,n - B i s( 6-hy droxy-8-aza-9-pu rinyl)- 
polymethylenes, 71, 70 
(S,S)-l,2-Bis[(2-hydroxymethyl)- 

pyrrolidino]diazene. thermolysis, 72, 375 
2,4 Bis(iodomethyl)benzodiazepine, 71, 31 
Bis-isobenzofuran synthons, 73, 12 
1,2-Bismethoxycarbonvlpyrido[l ,2,3- 
dejquinoxalinium ylide, dipolar 
cycloadditions, 71,199 
Bis( 1 -methylimidazoIyl)aurate compounds, 
72,27 


7,7'-Bis[3-phenyl-3//-l,2,3-triazolo[4,5- 
d]pyrimidine], 71, 81 
Bis(phosphabenzene)chromium, 72, 23 
Bis(pyrido[l ,2,3-de]-l ,4-benzothiazinium) 
dichloride, X-ray structure, 71, 157 
Bispyrrolones, 73,287 

1.3- Bis(silyloxy)-isobenzofurans, 73, 15 
Bis(sulfinylamino)selenane, 71, 116 

precursor to selena- and tellurasulfur- 
nitrogen rings, 71, 121 
Bis(sulfinylamino)sulfane, 71,116 

reaction with titanium tetrachloride and 
antimony pentachloride, 71, 119 
reaction with sulfuryl chloride. 71,119 
reaction with tellurium tetrachloride, 71, 
120 

reaction with liquid chlorine. 71, 120 
Bis(sulfinylamino)tellurane, 71, 116 

1.3- Bis(rm-butyl)isobenzofuran, 73, 17 
Bis( 1,3,4,2,5-thiadiselenadiazolium) 

bis(pentachlorotellurate), 71, 123 
Bis( 1,3,4,2,5-thiadiselenadiazolium)cations, 
71,121 

Bis(thiocyanato-/V)bis(6 mcthyl-1,2,4- 
triazolo[l ,5-a]pyrimidine-Af- 
3)copper(ll), 72, 158,164 
Bis(thiocyanalo-/V)bis(5-mcthyl-l ,2,4- 

triazolo[ 1,5-a|pyrimidine-JV )copper( II), 
72, 158,164 

Bis-triazolopyrimidines, 71, 80 
7,7’-Bistriazolopyrimidines, 71, 84 
Bis( 1,2,4-triazolo[ 1,5-a:4,3-c] )pyrimidines, 
72, 160 

Bis-l,2,4-triazolo[4,3-a:4',3'-c]pyrimidines, 
72,143 

Bis(2,4,6-trichlorophenyl)malonates, 
conversion to tetrazolo[l,5- 
a]pyrimidines, 72, 204 
Bis-trifluoromelhyltetrazine, reaction with 
cyclic enamines, 72,342 
Bis (trifluoromethylthio)tellurium, in 

synthesis of bis(sulfmylamino)tellurane, 
71,116 

N, 0-Bis(trimethylsilyl)-7- 

aminotriazolopyrimidine, glycosylation, 
72,165 

1.3- Bis(trimethylsilyl)isobenzofuran, 73, 52 
in Diels-Alder reactions, 73, 33 

Bis(lrimethylsilyl)methylpyridine, metal 
complexes, 72,24 
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l,3-Bis(trimethylsilyl)naphthisobenzofuran, 
preparation. 73 , 34 

Bleomycins, structural studies, literature 
review, 73 , 319 

Bond breaking, 74 , 5,7,32,65,66,100,161, 
173,204 

tr-Bonded S ,v , 74 , 214 
Bond-switch process, 74 , 207,209,210,213, 
215 

Borabenzene, sandwich complexes, 72 , 32 
Boracyclopolyenes, synthesis, literature 
review. 73 , 354 

Brevetoxin, synthesis, literature review, 73, 
320 

Bridged indole alkaloids, synthesis, literature 
review, 73,316 

S-Bromo allylic a-kelo ester, reaction with 
hydrazines, 75 , 174 
10-Bromo-5-aminomethyl-l, 2,3,5,6,7- 

hexahydropyrido[ 1,2,3-de]quinoxaline- 
2,3-dione, 71,207 

3-Bromo- 1.5-benzodiazepines, IR spectra, 
71,22 

1-Bromobenzotriazole, 75, 10 
stability. 75, 21 

5- Bromo-4-terr-butyl-6-deuteriopyrimidine, 

74 , 41 

3-Bromochromone, reaction with ketene S- 
acetal, 72, 293 

1- Bromocyclopropenes, reaction with 

diazoalkanes, 75 , 192 

6- Bromo-5-deuterio-4-phenylpyrimidine, 74 , 

11,28 

3- Bromo-2,4-dimethylbenzodiazepinium 

bromide, 71 , 31 

:V-Bromo-4,5-dimethyl-l,2,3-tri azole, 
formation, 75 , 9 
9-Bromo-2,3-dioxo-l,2,3,5,6,7- 

hexahydropyrido[ 1,2.3-de]quinoxaline- 
5-carboxylic acids. 71 , 207 

2- Bromo-4,6-diphenylpyrimidine, 74 , 38 

4- Bromo-2,6-diphenylpyrimidine, 74 , 38 
:V-Bromo-2-ethylsulfonyl-3-methylindole, 

75 , 4 

mass spectrum, 75,17 
8-Bromo-5-hydroxy-7-methyl-l,2,4- 
triazolo[4,3-c]pyrimidine, 75 , 268 
8-Bromo-l-hydroxy-4-phenylperhydropyrido- 
[2,l-c][l,4]oxazines, replacement of 
bromide by acetoxy, 71 , 169 


2- Bromo-8-isopropyl-l 1 //-pyrido[2.1 - 

f>]quinazolin-l 1 -one, formation of 2- 
cyano derivative, 73 , 207 

3- Bromoisoquinoline, 74 , 19 

6- Bromo-3-(4-methoxyphenyl)-7-methyl- 

1,2,4-lriazolo[4,3-a]pyrimidin-5-one, 73, 
138 

5-Bromo-4(A r -methylanilino)pyrimidine, 

74,11 

5- Bromo-6-methylisocytosine, 74,142 

2- Bromomethyl-4-methylbenzodiazcpinium 

bromide, 71 , 31 

3- Bromo-2-methyl-4//-pyrimido[2,l- 

а] isoquinoiin-4-one, 73,210 

1- Bromo-4-nitropyrazole, 75 , 6 

4- Bromo-l-oxo-2,3-diphenyl-l,2- 

dihydropyrido[l,2-a]pyrazinium salt, 71, 
239 

7- o-Bromophenyl-l l-oxo-7,8,9,11- 

tetrahydropyrido[2,l-fe][l,3Jbenzoxazine- 
8,9-dicarboxylic acid, 72, 258 

6- (p-Bromophenyl)-3(2//)-pyridazinone, 

tautomerism, 75,214 
4-Bromo-6-phenylpyrimidine, 74, 37 

6- Bromo-4-phenylpyrimidine, 74, 2,7,12,21, 

22,26.29 

7- Bromo-3-phenyltriazolopyrimidines, 

reaction with bulyllithium, 71, 81 

2- (2-o-Bromophenylvinyl)-4//-l,3- 

benzoxazin-4-one, as precursor of 
pyrido[2,l-£][l,3]benzoxazines, 72, 258 

3- Bromopyridazine, 74, 68 

2-Bromo-l 1 /7-pyrido[2,l-6]quinazolin-11 - 
one, formation of 2-carboxylic acid 
derivative, 73 , 207 
2-Bromoquinazoline, 74 , 66 
6-Bromoquinazoline, 74 , 66 
2-Bromoquinoline, 74 , 19 
6-Bromo-2,3.5,6-tctrahydro-7//-pyrido[l,2,3- 
de]-l,4-benzothiazine-3,7-dione, NMR 
spectra. 71 , 156 

9-Bromo-2,3,5,6- tetrahydro-777- 

pyrido[l,2,3-de]-l,4-benzoxazine, 71, 

170 

6-Bromo-3,5,6,7-tetrahydro-277-pyrido[l,2,3- 
de]-l,4-benzoxazine-3,7-dione, 
conformational analysis, 71,154 
reaction with amines, 71,164 
2-Bromo-6,7,8,9-tetrahydro-l 17/-pyrido[2,l- 

б] quinazolin-6-one, 73,205 
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2- Bromo-6,7,8,9-tetrahydro-ll//-pyrido[2,l- 

b]quinazolin-l l-one, 73, 205 
11 -Bromo-2,3,4,6-tetrahydro[ l ,3]thiazino[3,2- 
6]isoquinoIin-6-one sulfone, 72,246 

1- Bromo-2,3,4,5-tetrakis(trifluoromethylthio)- 

pyrrole, 75,3 

V-Bromo-1,2,4-triazoles. formation, 75,12 
6-Bromo-l ,2,4-triazolo[4,3-n]pyrimidine, 72, 
177 

5- Bromo-1,3,6-trimethyluraciI, 74,142 
Bucherer substitution, 74,92 
1,3-Butadiene, from sulfolene, 72,366 

reaction with 1-chlorobenzotriazole, 75,45 
S^-Butenolides, see 2(3/7)-furanones 
5“t 3 -Butenolides,iee-2(5/7)-furanones 
C-(l-Buten-3-ynyl) nitrones, 73,119 

3- (tert-Butoxycarbonyl)-2-(2-aryl-3,3- 

dicyanoallylidene)perhydro-l,3- 
thiazines, cyclisation to pyridothiazines, 
72,265 

6- (rert-Butylamino)-2,3,4,4a-tetrahydro-17/- 

pyrido[ 1,2-a]quinazolin-5-oxide, 
reaction with phenyl isocyanate, 73,214 

4- tert-Butyl-5-bromo-5,6-deuteriopyrimidine, 

74,11 

4-rert-Butyl-5-bromo-5,6-dihydropyrimidine, 
74, 42 

4-tm-Butyl-6-bromopyrimidine, 74,23 

4- rm-Butyl-6-chloropyrimidine, 74,23 

7- Butyl-6,7-dihydro-3-phenyl-3W-l,2,3- 

triazolo[4,5-d]pyrimidines, 71, 80 

5- 0-[(f-Butyl)dimethylsilyl]- 

dideoxypentofuranosyl chloride, 
reaction with aminotriazolopyrimidines, 
71,94 

3- fert-Butyl-6-hydrazino-1,2,4,5-tetrazine, 

74,82 

1 -ferf-Butylinosine, 74,116 

7-r-Butyl-5-(4-methoxyphenyl)-4,7- 
dihydrotriazolopyrimidine. X-ray 
diffraction, 72, 162 

4- B utyl-6-methylperhydropyrido[2,1 - 

6][1,3]oxazine, 72,238 

2- ferf-Butyl-5-nilropyrimidine, 74,139 

3- Butylperhydropyrido[2,l-c][l,4]oxazin-l,4- 

dione, 71, 210 

C(S-4,9-fl-T/-4-Butylperhydropyrido[2,l- 
6][l,3]oxazine, 72,238 
9-Butylperhydropyrido[2,l -6][1,3]oxazine, 
diastereomers, 72, 230 


2-(l -Butyl)perhydropyrido[ 1,2-a] pyrazine. 
71,162 

A-rert-Butyl-a-phenylnitrone, oxidation. 

75, 60 

2-/erf-Butylpyrimidine, 74,137 

4-tert-Butylpyrimidine, 74, 52 

4- rert-Butyl-5,6-pyrimidyne, 74,11,41 

5- rrans(n-Butyl)stannylimidazole, reaction 

with chloropyridazine, 75, 189 
2-fra(«-ButyI)stannyIthiophene, coupling 
with 3-halopyridazines, 75, 188 
2-fcrt-Butyl-6,7,8,9-tetrahydro-4-//- 

pyrido[ 1,2-a]pyrimidin-4-one. 72, 252, 
269 

2-(fert-Butylthio)-116-benzyl-3,4-diphenyl- 
2,6,7,116- hexahydro[l,3]thiazino[2,3- 
ajisoquinoline, 72,245 
1-Butylthymine, 74,119,120 
5-rert-Butyl-l,2,4-triazin-3-one, 74,75 
5-t-Butyl-37/-1.2,3-triazolo[4,5-d]pyrimidine, 
71,69 

5-Butyl-4-(2'-triazolylbiphenylmethyI)-l,2,4- 
triazolo[l,5-a]pyrimidin-7-one, use in 
circulatory disorders, 72,170 
Butyrolactones, 73,283 
y-Butyrolactone. thermolysis, 72, 391 
fragmentation. 72,405 


-Calculated frequencies, 74,207 
-Calculations, ab initio calculations of the 
rearrangement of 5-amino-1,2,3,4- 
tetrazoles. 74,57,192 
of charge densities on C-2,4,5,6 in 4- 
phenylpyrimidine, 74, 30,31,96,99 
of ir-electron stabilization energy 
(MNDO, PM3, AMI method) of 
attack of ammonia on C-2,4,5,6 in 
V-meihylpyrimidinium ion, 74, 96, 
30,31 

of the N-amino-N-nitro transition state in 
1,4-dinitroimidazole, 74, 125 
of the addition to the bridge head C-4 in 
2,3tf,6tf-triazaphenalenium salts, 74, 
186 

Calf thymus DNA, 74,120 
Calix[4]arenes, literature review, 73, 299 
Calix[n]arenes, building blocks in 

supramolecular chemistry, literature 
review, 73, 348 
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Calix[4]crowns, as artificial receptors, 
literature review, 73, 327 
-Cannizzaro reaction, 74, 38 
A'-Carbamidohydrazones, reaction with 
enamines, 72, 330 

5-Carbamoyl-l ,2-dihydro-2-imino-l ,4,6- 
trimethylpyrimidine hydroiodide, 
rearrangement, 75,112 

5- Carbamoyluracil, 74,135 

Carbenes, from 1,2,4-oxadiazolines, 72, 406 
reaction with isobenzofurans, 73, 51 
Carbinolamine, 74,167 
Carbocyclic nucleosides, synthesis, literature 
review, 73, 315 

a-Carbolines, synthesis, 72, 323 
Carbon as Pivotal Atom, 74, 218 
Carbon-nitrogen skeleton rearrangement, 

74, 31 

Carbopenem, chemistry, literature review, 
73,318 

4-Carboxamido-5-(2-nitroanilino)-1 H-\ ,2,3- 
triazole, 74, 156 

2-Carboxybenzaldehyde, 73,10 

6- A ; -(2-Carboxycthy[)adcninc. 75,133 

l-(2-Carboxyethyl)adenine, rearrangement, 

75. 133 

(N* -/3-Carboxyethyl)cytosine, 74,169 

l-(2-Carboxyethyl)deoxyadenosine 5'- 
monophophosphonic acid, 
rearrangement, 75,133 
5'-0-(2-Carboxyethyl)phosphono-l-(2- 
carboxyethyl)deoxyadenosine, 
rearrangement, 75, 133 
l-(2-CarboxyethyI)-5,6,7,8,-tetrahydro- 
2(l//)quinolinone, 72,235 
cyclisation, 72, 258 

Catenanes, synthesis, literature review, 73, 

Cephalosporins, new antibiotic structures, 
literature review, 73, 319 
Cetyl alcohol, oxidation with 1- 
chlorobenzotriazole, 75,49 
Charge-controlled reaction, 74, 30, 31,76, 96 
Chichibabin amination, 74, 23,45,49,51,58, 
67. 76,79 

Chichibabin hydrazination, 74, 81,82 
Chinensinaphthol, 73, 38 
Chiral amino acid esters, 74, 116 
! reins -1 -Chloro-2-acctoxycyclohexane, 

75, 47 


11 -Chloroacety 1-5,11 -dihydro-6//-pyrido[2,3- 
b][l,4]benzodiazepin-6-one, 73, 245 
/1-Chloroacroleins, starting material for 
heterocyclic systems, 72, 336 
cr-Chloroacrylonitriles, in preparation of 3- 
aminothiophenes, 72, 100 

2-Chloroadenine, 74, 61 
AA(1-Chloroalkyl)pyridinium chloride, 
reaction with enamines, 72, 309 

2- Chloro-3-aryl-4//-pyrimido[ 1,2-a]quinolin- 

4-one, 73, 237 

4-Chlorobenzenediazonium chloride, 71,106 

3- Chloro-l,2,4-benzotriazine, 74, 75 

1- Chlorobenzotriazole, 75, 9 
mass spectrum, 75,17 
stability, 75, 21 

action as a chlorinating agent, 75, 31 
tram-l-Chloro-2-(benzotriazol-1- 
yl)cyclohexane, 75, 47 
tram-1 -Chloro-2-(benzotriazol- 

2- yl)cyclohexane, 75, 47 

2- ChIoro-3-(/V-bromoacctyl-A'- 

methylamino)pyridine, use in Thorpe- 
Ziegler cyclisation, 72, 92 
9-Chlorocarbazole, 75, 4 
tram-l-Chloro-2-(3-chloro-l,2,4-triazol-1 - 
yl)cyclohexane, 75, 45 

3- Chlorocinnamonitriles, in preparation of 

3- aminothiophenes, 72,100 

6- Chloro-5-[ u C-cyano]-4-phenylpyrimidine, 

74, 26 

o-Chlorocyanopyridines, reaction with 
thioglycolates, 72, 109 
2-Chloro-4,6-dicyanopyrimidine, 74, 38 
9-Chloro-2,3-dihydro-7hydroxy-6-(A',.V- 
disubstituted thiocarbamoyl)-5//- 
pyrido[ 1,2,3-de]-l ,4-benzoxazine-5- 
ones, 71, 225 

7- Chloro-2,3-dihydro-9-methoxy-6-( 1 - 

indolinylcarbonyl)-5//-pyrido[l .2.3-de|- 
l,4-benzoxazin-5-one, 71, 170 
2-Chloro-6,7-dihydro-4W-pyrimido[2,l- 
a]isoqumohn-4-ones, 73, 255 
2-Chloro-9,10-dimethoxy-6,7- dihydro-4//- 
pyrimido[2,l-a]isoquinoline-4-one, 73, 
242 

2-Chloro-4.6-dimethylpyrimidine. reaction 
with tetrazolcs, 73, 144 
At-Chloro-4,5-dimethyltriazole, preparation, 

75, 8 
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2-Chloro-3,5-dinitropyridine, 74, 17 

2-Chloro-3,6-diphenylpyrazine, 74, 67 

2-Chloro-5,6-diphenylpyrazine, 74,67,68 

2-Cbloro-4,6-diphenylpyrimidine, 74,56 
6-Chloro-2,4-diphenylpyrimidine, 74,25 

2- ChIoro-4,6-diphenyl-pyrimidine, 74, 63 
/V-Ch loro-4,5-diphenyltriazole, preparation, 

75,8 

thermolysis, 75,24 

3- Chlorodithiatelluradiazol, 71,139 

4- Chloro-5-ethoxy-4-phenylpyrimidine, 

74, 32 

1- (2-Chloroethyl)-9-hydroxy-l,2-dihydro- 

3//-pyrido[l ,2,3-de]quinoxalinium salt, 
71,235 

8- Chloro-10-fluoro-7-oxo-7//-pyrido[l,2,3- 

de]- 1,4-benzoxazine-6-carboxylic acid, 
reaction with amines, 71, 184 

9- Chloro-10-fluoro-7-oxo-7//-pyrido[l,2,3- 

de]- 1,4-benzoxazine-6-carboxylic acid, 
reaction with amines, 71,170,171 

10- ChIoro-9-fluoro-7-oxo-7//-pyrido[l ,2,3- 

de]- 1,4-benzoxazine-6-carboxyIic acid, 
reaction with amines, 71 , 184 

2- Chloro-l-formamido-2-(5-methyl-l,2,4- 

triazo)o-3-yl)ethene, 75,258 

8- ChIoro-2,3,4,4a,5,6- hexahydro-1 H- 

pyrazino[ 1,2-«]quinolin-2-one. 71 , 

235 

6-Chloro-l-(3-hydroxypropyl)-4-phenyl-l,2- 
dihydropyridin-2-one, cyclisation, 72, 
257 

1- Chloroindoles, 75,3 

conversion to 3-chloroindoles, 75,23 

3- /7-3-Chloroindole. 75,3 

3-Chloroindole, by reaction of indole with 1- 

chlorobenzotriazole, 75,34 

3- ChIoroisoquinoIine, 74,20 

4- Chloro-5-mcthoxy-2-phenyl[6- ,4 C]- 

pyrimidine, 74, 32 

3-Chloro-6-methoxy-5-tosylmethylpyridazine, 
X-ray crystallography, 75,218 

5- Chloromethyl-JV-cyanoisothioamides, 72, 

114 

9- Chloro-8-methyl-2,3,4,4a,5.6-hexahydro- 

177-pyrazino[l,2-fl]quinolinc, microbial 
oxidation, 71,208 

2- Chloromethyl-5-methyl-l ,2,4-triazolo[l ,5- 

o]pyrimidin-7-ol. reaction with lithium 
salts, 72, 160 


l-[6-(2-Chloro-2-methylphenyl)pyridazin-3- 
yl]piperidin-4-ol. X-ray crystallography, 
75,217 

4-ChIoro-5-methyl-6-phenyl-2- 
pyrimidinaminc, conversion to 
triazolo[4,3-c]pyrimidines, 72, 197 

3-Chloro-6-methylpyridazine, 74, 68 

3-Chloro-2-methyl-4//-pyrimido[2.1 - 
«]isoquinolin-4-one, 73,250 
Chloromethyl sulfone anion, 74, 96 
8-Chloro-3-methyl-l,2,4-triazolo[4,3- 
cjpyrimidine, hydrolysis, 75, 258 

6- Chloromethyl-5«-trifluoromethyl- 

5a,5,6,7,8,9-hexahydro-l l//-pyrido[2,1 - 
6]quinazolin-ll-ones, 73,245 

1- Chloro-4-nitroimidazole, preparation, 75, 7 
decomposition, 75,20 

V-Chloro-4-nitropyrazole, 75,4 

2- Chloro-5-nitropyridine, 74, 14,59 

3- Chlorophenanthro[9,10-e]l,2,4-triazine, 

74, 75 

rrans-5-(4-Chlorophenyl)-/V-cyclohexyl-4- 
methyl-2-oxothiazolidine-3- 
carboxamide, acaracide, literature 
review, 73,323 

3- (3-Chlorophenyl)-7-(//-cyclopentylamino)- 

5-methylthio-1,2,3-triazolo[4,5- 
d]pyrimidine, 71, 78 

7- (4-Chlorophenyl)-/ra«.s-6,7-dihydro-3- 

methylthio-6-phenoxy-l-substituted- 
1,2,4-triazolo[4,3-a]pyrimidin-3-one, 73, 
157 

cfs-7,1 lb-7/-7-(4-Chlorophenyl)- 
2,3,4,6,7,1 lb-hexahydro-1 H- 
pyrazino[2,l-u]isoquinolin-l -ones, 71, 
242 

4- Chloro-o-phenylenediamine, in 

preparation of 1,5-benzodiazepines. 

71, 17 

3- Chloro-3-phenylphlhalide, reaction with 

trimethylphosphite, 73,18 

1- [6-(2-Chlorophenyl)-3- 

pyridazinyl]piperidin-4-ol. X-ray 
crystallography, 75, 217 

4- Chloro-2-phenylpyrimidine, 74, 59 

6-Chloro-4-phenylpyrimidine, 74, 22 
6-Chloro-4-phenylpyrimidine-3-oxide, 74, 22 

2- Chloro-3-phenyl-l//-pyrimido[l,2- 

a]quinolin-l-one, 73, 237 
2-Chloro-6-phenylpurine, 74, 61,63 
2-Chloro-4-phenylquinazoline, 74, 56 
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7- p-Chlorophenyl-7,8,9,ll- 

tetrahydropyrido[2,l-b][l,3]benzoxazin- 
11-one. reaction with hydrazine hydrate, 
72, 239 

/V-Chloro-5-phenyltetrazole, failure to 
isolate, 75, 13 

5-Chloro-l-phenyltetrazole, reaction with 
hydrazine, 75, 154 

5-Chloro-l-phenyl-1,2,3-triazole, reaction 
with hydrazine. 75, 145 

3-(3-Chlorophenyl)-l,2,3-triazolo[4,5- 

d]pyrimidine-5,7-dithione, methylation, 
71, 77 

3-Chloro-2-propenyliminium salts, reaction 
with enaminonitrilcs, 72,311 
Chloropyoverdin PaA, iron complex, 73,187 

2- Chloropyrazine, 74,65 

3- Chloropyridazines, reaction with amines, 

75, 201 

2-Chloropyrimidines, reaction with 
ethoxycarbonylhydrazine, 75,250 

4- Chloropyrimidines, reaction with 5- 

phenyltetrazole, 75, 255 

2- Chloro-4W-pyrimido[2,l-a]isoquinolin-4- 

one, 73, 210 

3- Chloro-l W-pyrimido[],2-o]quinoline-l- 

one, 73,224 

/V-Chloropyrrole, preparation, 75,3 
stability, 75,19 
rearrangement, 75,23 
reaction with thiocyanate anion, 75,28 

8- Chloro-3-[( 1 H-pyrrolo[2,3-b]pyridin-3- 

yl )methyl]-2,3,4,4«,5,6-hexahydro-l H- 
pyrazino[l,2-o]quinoline, separation of 
epimers, 71,158 

3-Chloro-6-(2-pyrrolyl)pyridazine, 75,188 
8-ChIoro-2.5,6,7-tetrahydro-3W-pyrido[l,2,3- 
rf<?]-l,4-benzoxazin-3-one, 71, 222 
10-Chloro-3.4.6,7-tetrahydro-2//- 

pyrimido[2,l-«]isoquinoline, 73,227 
l-Chloro-2,3.4,5-tetrakis(trifluoromethylthio)- 
pyrrole, 75,3 

reaction with silver phthalimide, 75,29 
3-Chloro-l,3.4.2,5-thiadiselenadiazolium ion, 
71,139 

l-Ch)oro-l ,2,4-triazole, 75,10 
NMR- spectra. 75, 17 
rearrangement to C-halo derivatives, 

75,25 

electrochemical reduction, 75, 30 


7-Chloro-l ,2,4-triazolo[l,5-n]pyrimidines, 72, 
147 

/J-Chlorovinylaldehydes, preparation of 
benzodiazepines, 71,12 
2//-Chromenes, from dichlorosalicvlaldehyde 
and enamines. 72,333 
Chromone-3-aldehyde, reaction with n- 
phenylcnediaminc, 71,15 
Cine-substitution, 74, 11.41,44, 123 
Cinnamoylacetonitrilc. arylhydrazones 
reaction with hydroxylamine, 75, 178 
Citropeptin, 75,170 
Classification, 74, 1 
C—N donation. 74, 138,139,141 
CNDO/2 calculations, on isobenzo[c]furans, 
73,3 

Coalescence studies, 74,194,203,209 
Cobalt carbonyls in synthesis of 

heterocycles, literature review, 73,303 
Colchicine, interaction with P-glycoproteins, 
literature review, 73,316 
Collisional activation mass spectrometry, 72, 
364 

Combinatorial heterocyclic synthesis, 
literature review, 73,304 
ri 5 -(7r-)-Complexes of phosphole and arsole, 

72,8 

tr-Complexes of pyridine, 72,8 
tr-Complexes of thiophene, 72, 5 
Conjugate base, 72,104,106 
a,/8;y,8-Conjugated azomethinc ylides. 1,7- 
electrocyclization, 73,115 
Cornforth rearrangement, 74, 190 
Covalent anionic adducts, formation of 

5-alkyl(aryl)amino-l,4-dinitroimidazo!c 
anion, 74,126,127 

5- (-N-aminomorpholine)-l,4- 

dinitroimidazole anion, 74, 129 
l-amino-3-bromo-l ,2- 

dihydroisoquinolinide, 74,19 
4-amino-2-bromo-l,4-dihydroquinolinide, 
74,20 

6- amino-5-bromo-4-/-butyl-l,6- 

dihydropyrimidinide, 74, 36 
6-amino-2-chloro-l,6-dihydro-5- 
nilropyridinide, 74,16 

6-amino-2-chloro-l ,6-dihydro-5- 
nitropyridinide, 74, 16 
6-amino-4-chloro-l,6-dihydro-2-/T 
pyrimidinide, 74, 32 
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4-amino-2-chloro-l,4-dihydro-3,5- 
dinitropyridinide, 74,18 
6-amino-2-chloro-l,6-dihydro-3,5- 
dinitropyridinide, 74,18 

2-amino-5-chloro-l,2-dihydro-3,6- 
diphenylpyrazinide, 74,67 
6-amino-2-chloro-l,6-dihydro-4- 
phenylpyrimidinide, 74, 36 
4«-amino-3-chloro-dihydro-l,2,4- 
benzotriazinide, 74, 76 
4o-amino-3-chIoro- 

dihydrophenanthro[9,10-de]-l,2,4- 
triazinide, 74, 76 

4-amino-2-chloro-dihydro-4,6-diphenyl- 
1,3,5-triazinide, 74,80 
1 -amino-1,2-dihydroisoquinolinide, 

74,19 

2-amino-l ,2-dihydro-4- 

phenylpyrimidinide, 74,48 
4-amino-1,4-dihydro-2-phenyl-l ,3,5- 
triazinide, 74,76 

2-chloro-l,6-dihydro-6-hydroxy-5- 
nitropyridinide, 74,15 

2,3-dihydro-6-(chloro, bromo)-3- 
hydrazinopyridazinide, 74,68 
Covalent hydration, 74,20 
Covalent hydrazination, 74,107 
Covalent neutral adducts, formation of 
6-amidino-l,6-dihydro-l-methyl-4(5)- 
phenylpyrimidine, 74,130 
6-amidino-l,6-dihydro-l,3,5-triazine,74, 
148 

6-aikylamino-5,6-dihydrothymine, 74,117 
2-amino-l-alkyl-1,2-dihydropyridine, 
74,91 

2-amino-4,6-diethoxy-l,2-dihydro-l- 
ethylpyrimidine, 74,102 
4-amino-3,4-dihydropteridine, 74,62 
6-amino-l ,6-dihydro-l -methylpyrimidine, 
74, 95 

6-amino-l ,6-dihydro-4-phenylpyrimidine. 
74, 49 

2-amino-l ,2-dihydro-4-phenylpyrimidine, 
74, 49 

6-amino-1,6-dihydro-6-hydrazino-l ,2,4,5- 
tetrazine. 74,85 

l-aryl-4.6-dimethyl-6-hydroxylamino- 
2(1 //)pyrimidincthione, 74,109 
6-cyanoalkyl-5-cyano-l,2-dihydrouracil, 
74, 185 


3-cyano-l,2-dihydro-2-hydroxypyridine. 

' 74,196 

1.6- diamino-l,2-dihydropyridine. 74,163 

6.7- diamino-5,6,7,8-tetrahydropteridine, 

74,62 

1.2- diamino-l ,2-dihydro-2,4,6- 

trimethylpyrimidine, 74, 105,106 
6-[di(aminocarbonyl)methyl]-5- 
nitrouracil, 74,135,136 

1.3- di(aminocarbonyl)-l,2-dihydro-2- 

hydroxypyridine, 74, 197 

1.3- di(aminocarbonyl)-l,6-dihydro-6- 

hydroxypyridine, 74,198 

3.4- diaryl-3-ethoxy-2-methyl-5- 

phenylimino-1,2,4-triazole, 74,159 

1.3- dimethyl-6-guanidinouracil, 74, 142, 

143 

1.6- dihydro-6-(2,4-dinitroanilino)-1 -R- 

pyridine, 74, 87 

1.6- dihydro-6-ethoxy-6- 

(ethylamin)pyrimidine, 74,103 

1.4- dihydro-4-hydroxy-l-methyl-3- 

nitroquinoline, 74,99 

1.6- dihydro-6-imino-l -uopropyl-4- 
phenylpyrimidine, 74, 29 

Crossover experiments, 74,194 
Crotononitriles, reaction with 

arenediazonium salts in preparation of 
pyridazines, 75, 178 

dr-Crotononitrile, from pyrrole, 72, 368 
2-Cubylbenzotriazole, 75,63 
Cyanamide, 74, 130,131 

4- Cyanamino-5-carboxamido-l- 

methylimidazole, 74, 58 

5- Cyanoalkyl-3-methoxy-6- 

methylthiopyridazines, 75,182 
Cyanoalkynes, in preparation of 3- 
aminothiophenes, 72,100 
2-Cyano-3-cyanomethoxybenzothiophene, 
72,83 

2- Cyano-3,3'-diaminothioacrylanilide, use in 

Tliorpc-Ziegler cyclisation. 72, 87 

5-Cyano-l,2-dihydro-2-imino-l- 
methylpyrimidine, 74, 188 
5-Cyano-l ,2-dihydro-2-imino-1,4.6- 

trimethylpyrimidine, rearrangement, 75, 
111 

3- Cyano-l ,4-dihydropyridine-2-thione, 72, 

106 

«-('yano-/l-dimethylaminorncthacrylamide, 
effect of heating in acid. 72, 314 
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5- Cyano-4,6-dimethyl-2-(methylamino)- 

pyrimidine. 74,188; 75, 111 
3-Cyano-1,2-dimethyl-4-oxo- 

tetrahydroquinolinium salt, 74, 197 

6- Cyano-2,5-diphenyl-7-oxo-l,2,4- 

triazolo[l ,5-a]pyrimidine, 75,93 
a-CyanOenamines, reaction with dimethyl 
acetylenedicarboxylate, 72,288 
2-Cyano-3-ethoxycarbonylmethylthio-5,5- 
dimethyl-2 cyclohexen-l-one, 
conversion to thiophene derivatives, 72, 
298 

N-Cyano-N'-t/S-ethoxyvinyObenzamidine, 
74, 32 

Cyanogen bromide. 74,90 
Cyanoguanidine, 74,143 
2-Cyano-3-hydroxybenzothiophene, 72,83 

7- Cyano-8-hydroxy-5,6-dihydro-10//- 

pyrido[l,2-a]quinoxaline-6,10-dione, 71, 
250 

2-Cyano-3-hydroxypyridine, in synthesis of 
pyrido[3,2-6]benzo[l,4]diazepinone, 

72, 84 

2-Cyano-3-hydroxythiophenes, in synthesis 
of thieno[3,2-b]furans, 72,83 
2-Cyanoimidazole, 74,65 
1 l-Cyano-6-imino-l-methyl-6//- 

pyrazino[l,2-b]isoquinoline, 71,248 

8- Cyano-7-imino-9-phenyl-7//, 11 H- 

pyrido[2,l -ft][ 1,3]benzothiazin-l 1-one, 

72, 266 

o-Cyanomethoxybenzonitrile, 72,83 
2-(C,yanomethyl)benzimidazolium salts, 
71,42 

2- Cyanomethyl-4//-l,3-benzothiazin-4-one, 

reaction with benzoylacetonitrile, 72, 
266 

Cyanomethy) 2-isopropyI-ll-oxo-ll-//- 
pyrido[2,l-ft]quinazoline-8-carboxylate. 

73, 213 

3- Cyanomethylperhydropyrido[2,l- 

c][l,4]oxazine, 71,221 
6-Cyano-8-methylperhydropyrido[2,l- 
b][l ,3]oxazines, 72,262 
5-Cyano-3-methyl-l-phenyluracil, reaction 
with amines, 75, 115 

2- Cyano-3-methyM//,6//-pyrido[l,2- 

a][3,l]benzoxazine-l,6-dione, reaction 
with ammonia, 72, 240, 

3- Cyano-5-nitropyridinium salt, 74,196 


fram-6-Cyanoperhydropy rido[2,1 - 
6][l,3]oxazines, 72,262 
alkylation, 72, 238 

tran.s-6,9a-//-6-Cyanoperhydropyrido[ 1,2- 
a] pyrazin-l-one, 71, 251 
o-Cyanophenols, 72,82 

1- Cyano-3-phenylisobenzofuran, 73,17 

9-Cyano-8-phenyl-l 0//-pyrido[ 1,2- 

a]quinoxalines, 71,248 

2- Cyano-4-phenylquinazoline, 74, 56 
4a-Cyano-6-phenyl-2,3,4,4a-tetrahydro-l-//- 

pyrido[2,l-a]quinazoliri-l-one, 73, 229 
Cyanopyridazinones, 75, 175 

3- Cyano-5-(4-pyridazinyl)-2(l//)-pyridone, 

75,190 

3-Cyanopyridine-2(l//)-ones, 72, 80 
in synthesis of furo[2,3-b]pyridines, 

72,84 

3-Cyanopyridine-2( 1 f/)-selenones, 72, 80 
3-Cyanopyridine-2(l//)-thiones, 72, 80,105 
N + -Cyanopyridinium polymer, 74, 90 
3-Cyano-2-pyridone, 72, 312 

3- Cyanopyrroles, 72,288 

2- Cyano-3-styryl-5-phenyl-5,6-dihydro-l//- 

pyrido[ 1,2-a]quinazoline-l ,6-dione, 73, 
214 

4- Cyano-l-thia-2a,5a-diazaacenaphthene, 74, 

187 

3- Cyanothiophenes, 74, 183 
l-Cyano-3-trimethylsilyloxyisobenzofurans, 

preparation, 73,15 

{8)-Cyclacene, synthesis of key intermediate 
for, 73,38 

Cyclic 2-arylaminomethylene-l ,3-diones, 
cyclisation, 72,323 

Cyclic nitrones in synthesis of piperidines, 
literature review, 73,316 
Cyclic peptides, synthesis, literature review, 
73,325 

Cyclization, 74,97 
1,4-Cycloaddition, 74,141 
Cycloaddition, 74, 141,142 
[4+4]-Cycloaddition in synthesis of natural 
products, literature review, 73, 316 
Cycloallenes, Sir-electrocyclisation reactions, 
73,116 

8-Cyclo-8-azatheophylline, biological 
activity, 71, 66 

Cyclobutane, from fragmentation of 
cyclopentanone, 72, 365 
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Cyclobutanol, oxidation with 1- 
chlorobenzotriazole, 75, 49 
Cyclodecadepsipeptide antibiotics, 75, 168 
Cyclodipeptidcs. conformational analysis, 71, 
161 

Cyclohepta[c]furanone, preparation, 73,28 
67/-Cyclohepta[c]furan-6-one. PE spectra. 
73, 62 

cis and trans -1 -Cycloheptatrienyl-1,3- 
diphenylphthalan, 73,54 
Cyclohexane-spiro-triazolidinones, 72,331 
Cyclohexene, reaction with 1,3- 
dichlorotriazole, 75,45 
reaction with l-chlorobenzotriazole, 75,47 
Cyclohexanol, oxidation with 1- 
chlorobenzotriazole, 75,53 
2-Cyclohexylcarbonyl-1,2.3.6,7,116- 

hexahydro-pyrazino[2,l-«]isoquinolin-4- 
ones, 71, 251 

conformational analysis, 71,161 
2-Cyclohexylcarbonyl-l ,2,3,6,7,11 6- 
hexahydro-4//-pyrazino[2,l- 
a]isoquinolin-4-one, 71,159 
2-Cyclohexylcarbonylperhydropyrazino[2,l- 
ujisoquinolin-4-ones, 71,247 
2-Cyclohexylcarbonyl-2,3.6,7-tetrahydro-4/y- 
pyrazino[2,l-fl]isoquinolin-4-one, 71, 

208 

Cyclometallation, formation of metal 
complexes of heterocycles, 72, 13 
Cyclopentadienone, failure to fragment, 72, 
369 

Cyclopentane, fragmentation reactions, 72, 

364 

Cyclopentanonc, fragmentation reaction, 72, 

365 

Cyclopentapyrimidine, 74,145 
Cyclopenten-4-one, fragmentation, 72,369 
9-Cyclopentyl-8-azaadenosines, 71,91 
7-Cyclopentyl-l,3-dimethyl-8-azaxanthine, 
reactivity on adenosine receptors, 

71, 66 

7-Cyclopentyl-1,3-dipropyl-8-azaxanthine, 
reactivity on adenosine receptors, 71,66 
Cyclopropa[c]cinnolines, 73,106 
Cyclopropanecarboxaldehyde, from 2,3- 
dihydrofuran, 72,368 
Cyclopropanetetrahydroquinoxalines, 

71,29 

Cyclotrisilanes, literature review, 73, 354 


Cytidine, reaction with diformylhydrazine, 
75, 255 

Cytosine, metal complexes, 72, 36, 37, 74, 168 
Cytosine 3-oxide, 74,170 


Dealkoxylation, 74,98 
Dealkylation, 74,98 
Deamination, 74,104 
lrans-6a, 10a-H-3,4,6,6a,7,8,9,10,10a.l 1- 
Decahydro-2H-[l ,3]oxazino[3,2- 
bjisoquinolinium perchlorate, 
hydrolysis, 72,235 
Deethoxycarbonylation. 74, 89 
Deethoxylation, 74,100 
Deethylation, 74,100 
Degenerate conversion of 
(C—N + ) into (C—N), 74,130,141 
(CCN) into (CCN), 74,132 
(CCC) into (CCC), 74, 136,137 
(NCC) into (NCC), 74, 135,136 
(NCC into (NCC), 74, 144,145.146, 

( + NCN) into (NCN), 74,138,139,148, 
143,148,149 

+ N (aryl) into + N (alkyl), 74, 88,89, 90 
1 N (cyano) into + N (protein), 74, 90 
+ N (alkyl) into N. 74, 91,95,97,101,103 
’N (aryl) into N,74,91 
+ N (benzyl) into N, 74,98 
+ N (amino) into +N (oxyde), 74, 107, 

108 

+ N (aryl) into +N (amino), 74, 110 
N (aryl) into N, 74, 109,129 
N (aryl) into N (amino), 74, 111, 112 
N (nitro) into NH,74, 113,114,115 
N (nitro) into N (amino), 74,115,129 
N (nitro) into into N (alkyl, aryl), 74, 117, 
124,127 

N (alkyl’) into N(alkyl'),74,118, 119 
Degenerate rearrangements 
amidine rearrangements, 74,5,158, 161, 
162,165,166,172 

Boulton-Katritzky rearrangement, 74, 3, 
155 

carbon-carbon interchange 
in 2-aminothiophenes, 74, 183 
in 3-aminocarbonyl-l- 

methoxypyridinium salt, 74, 198 
in 3-benzyloxymethyl-5-cyano- 
ribosyluracil, 74, 185 
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in 5-cyano-1,3-dimethyluracil, 74, 184 
in 3-cyano-1.2-dimethyl-4- 

oxotetrahydroquinolinium salt, 74, 

197 

in 5-cyano- 1-methylpyridinium salt, 74, 
196 

in 3-cyano-5-nitropyridinium salt, 74, 
196 

in 1,3-di(aminocarbonyl)pyridinium 
salt, 197 

in 3,5-dicyano-l,2,6- 

trimethylpyridinium salt, 74,196 
in 1,2-dihydro-5-cyano-2-imino-l- 
methylpyrimidine, 74,188 
in 2,3-dimethyl-4-formy-l- 

phenylpyrazolinonc-74,5,183 
in 3-formamidinopyridinium salt, 74, 

198 

in 4-hydroxymethylene-5-oxazolone, 74, 
183 

Dimrolh rearrangement, 74,3,5,7,8 , 29, 
36.71.93,101.110,131,153,157-159, 
161.163,165,167-175,177,178,180, 
188,194 

(1.2)-(4,5) e-voannular rearrangement, 74, 
154 

(1.2,3)-(5,6.7) e.roannular rearrangement, 
74, 154 

licleroatom-heteroatom interchange 
in 2-aminopyridines, 74,163 
in 4-aminopyrimidine 3-oxides, 74,170 
in 2-aminothiophene, 74,183 
in 2-amino(imino)quinazolines, 74,180 
in amino-l,2,3,4-tetrazoles,74, 155,157, 
158 

in 5-amino(hydrazino)-l,2,3-triazoles, 
74, 155-157 

in 5-cyano-2-iminopyrimidines, 74, 

188 

in 5-cyanouracils, 74,184,185 
in 4-cyano-l-lhiadiazaacenaphlhene, 74, 
187 

in 5-cyanotriazaphenalenium chloride, 
74, 185 

in cytosines. 74, 168,169 
in 3.5-diarylimino-l,2,4-thiadiazolidines, 
74, 159-161 

in (di)imino-1.2,4-dithiazolidines, 74, 

161 


in 4-formylpyrazolinone, 74, 183 
in 2-hydrazinothiazolines, 74, 162 
in l-hydroxy/soguanines. 74, 176 
in 4-hydroxymethyleneoxazolone, 74, 
183 

in 5-imino-l,2,4-thiadiazolines. 74, 159, 
160 

in iminoimidazolines, 74,162 
in 2-iminopteridines, 74, 175 
in iminopyrimidines, 74, 165,167,168 
in 2-imino-l,3,5-triazincs, 74,172 
in l-methyladenine(adenosine). 74, 175, 
177, 178 

in 1-methylpurines, 74, 176 
in l,2.4-triazolium-3-aminides, 74, 158 
Dehydropodophyllotoxin, 73, 38 
Delocalized anion, 74, 44 
Demethylation, 74,92,94,95,96,97,104 
Dendroabatide alkaloids, synthesis, 
literature review, 73,316 
Density functional theoretical (DFT) 
calculations, on benzo[c]furans, 73, 2 
Deoxyadenosine, rearrangement, 75, 129 
2'-Dcoxycytidine. reaction with 
diformylhydrazine, 75,255 
7-Deoxydaunomycinon. synthesis. 73, 38 
2-Deoxy-3,5-di-0-toluoyl-D-ivyr/ira- 

pentofuranosyl chloride, reaction with 
amino-l,2,3-triazolo[4,5-d]pyrimidines, 
71, 91 

[l- l5 AT|-2'-Deoxyinosine, 75,130 
6-(2-Deoxy-j8-r>ribofuranosyl)-l,2,4- 
triazolo[4,3-c]pyrimidin-5-one 
nucleosides, 75,249 
(2-Deoxy-/3-D-ribofuranosyl)- 
triazolopyrimidine, 72,200 
6-Deoxy-6,6,6-trifluorohexopyranoses, 
synthesis, literature review. 73,344 
Descriptor frequence values, 74, 206 
IV-Desmethylofloxacin, molecular modelling 
studies, 71, 150 

Deuterated isobenzofurans, 73, 15 

6- Deulerio-3,5-dinilro-l-methyl-2-pyridone, 

74,132 

1-Deuterioisobenzofuran, 73,52 
4-Deuterio-3-nitro-5,6,7,8- 

tetrahydroquinoline, 74,132 

7- Deuterioletrahydrotriazolopyrimidines. 72, 

146 

Deuterium-hydrogen exchange, 74, 9, 11, 
12,28 


1,3.4-dithiazolidines, 74,161 
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Deuterium labeling, 74,11,32 

1.2- Dewar-pyridazine, 75,211 

2,5-Diacetoxymethylfuran, in preparation of 

pyridazines, 75, 184 
6-(3,5-Di-0-acetyl-2-deoxy-/3-o- 

ribofuranosyl)-3,7-dimethyl-l,2,4- 
triazolo[4,3-e]pyrimidin-5-one, X-ray 
structure, 75, 275 

VS-Diacylketene acetals, in synthesis of 
thiazoles, 72,304 

1.3- Dialkoxyphthalan,73,10 

5 - (D ialky lamino)-2-aza-1,3-diene-1 - 
carbonitrile, use in Thorpe-Ziegler 
cyclisation, 72, 92 
6-(Dialkylamino)-l,2,3,5,6,7- 

hexahydropyrido[l,2,3-de]quinoxalin-2- 
one, 71, 236 

3- Dialkylaminomethyl-6//-imidazo[l ,2- 

c]quinazolin-5-one. 74,110 

4- (Dialkylamino)-2//-l,3,5-oxadiazine-2- 

thiones, 75,153 

4-(Dialkylamino)-2//-l,3,5-thiadiazin-2- 
ones, 75,153 

Dialkyl 7-aryl-6,9a-dimethyl-2,3,4,8,9,9a- 
hexahydropyrido[2,l-b][l,3]oxazine-7,9- 
dicarboxylates, anti-inflammatory 
effects, 72,274 

1.3- Dialkyl-8-azaxanthine, alkylation, 

71, 77 

2.4- Dialkyl-benzodiazepines, IR spectra, 

71,21 

1.4- Dialkyl-l-(pyrimidin- 

4-yl)thiosemicarbazides, cyclisation, 75, 
254 

Dialkyl sulfides, oxidation to sulfoxides with 
l-chlorobenzotriazole,75, 66 
Di-fert-alkylselones, irradiation, 72,380 
Diallyl selenide, oxidation with 1- 
chlorobenzotriazole, 75,70 
Diamidino intermediate, 74,138 

2.4- Diamino-l-aryl-6,6-mono (di)alkyl-l,6- 

dihydro-l,3,5-triazine,74,172 

3.5- Diamino-1 -aryl-1,2,4-triazole, reaction 

with diketene, 73,155 

2,4-Diamino-l, 5-benzodiazepines, 71,41 
as central nervous system stimulants, 71,3 
ring contraction, 71,24 

1.3- Di(aminocarbonyl)pyridinium salt,74, 

197 

2.4- Diamino-6-methylpyrimidine, 74,56 


2.6- Diamino-4-methylpyrimidine, 74, 52 

1.2- Diaminonapththalene, condensation 

with acetylacetone, 71,10 

2.3- Diaminonaphthalene, reaction with 

diketones, 71,11 

2.3- Diaminophenazine, by oxidation of 2,4- 

dimethylbenzodiazepine with 
iron(III)chloride, 71,28 
(Ws-3,4-Diaminophenyl)methane, reaction 
with 1,3-diketones, 71, 5 

2.6- Diaminopurine, 74,61 

2.3- Diamino-ll//-pyrido[2,l-b]quinazolin- 

11-ones, reaction with sodium nitrite, 

73,213 

4.5- Diaminopyridazines, 75,185 

3.6- Diaminopyridazines, 75,185 

4.5- Diaminopyridazines, 75,190 

1.2- Diaminopyrimidines, as precursors of 

l,24-triazolo[4,3-a]pyrimidines, 72,128 

1.2- Diaminopyrimidinium salt, 74, 110 

2.3- Diamino-4//-pyrimido[2,l-a]isoquinolin- 

4-ones, formation, 73,201 

2.4- Diaminopyrroles, 72, 87 

2.4- Diaminoquinazoline, 74, 58 

6.7- Diamino-5,6,7,8-tetrahydropteridine, 

74,62 

1.2- Di-R-4-amino-l ,2,5,6- 

tetrahydropyrimidine 3-oxides, 74, 170 
Diaminothieno[2,3-/)Jpyridines. 72, 107 

2.4- Diaminothiophenes, 72, 98 
Diamino-3//-l,2,3-triazolo[4,5-b|pyridine, 

75,85 

Diamino-37/-l,2,3-triazolo[4,5-f]pvridine. 
rearrangement, 75,85 

4.6- Dianilino-l,2-dihydro-2-imino-l-phenyl- 

1,3,5-triazine, 74,172 

1.3- Dianisylisobenzofuran, synthesis, 73,13 
Diaquotris(5,7-dimethyl-l,2,4-triazolo[l,5- 

a]pyrimidine-iV-3)copper(II) 
perchlorate dihydrate, crystal structure, 
72, 164 

Diaroyl effect, 74,201,209 
Diaroylcyclohexadienes, in preparation of 
diaryl isobenzofurans, 73,17 
Diaroylcyclohexenes, in preparation of 
diaryl isobenzofurans, 73,17 

2.4- Diarylbenzodiazepines, 71, 5 
IR spectra, 71,21 

3.6- Diaryl-4,5-bis(trifluoromethyl)- 

pyridazines, 75,175 
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1.3- Diaryl-l,8a-dihydro-l,2,4-triazolo[4,3- 

o]pyrimidines, 73, 141 

2.6- Diaryl-3,7-dioxobicyclo[3.3.0]octane 

lignanes, reactions, literature review, 73, 

335 

1.3- Diarylisobenzofurans, 73,12,13,17 

1.4- Diaryl-2-methylmercaptopyrimidinium 

methyl sulfate, reaction with 
aroylhydrazines, 73,143 

1.4- Diaryl-2-methylthiopyrimidinium iodide, 

74,109 

Diarylnitrileimines, reaction with 
pyrimidines, 73,141 
reaction with 3-arylidene-2(3//)- 
benzofuranones, 75,181 
Diaryloid, 74,201 

3.6- Diarylpyridazines,75,182 

1.4- Diarylpyridazino[4,5-a]pyridazines, 

reaction with enamines, 72,345 

1.3- Diaryl-substituted isobenzofurans, 

fluorescence, 73,61 
Diaryl tellurides, oxidation with 1- 
chlorobenzotriazole, 75,70 

2.3- Diaryl-3,5,6,7-tetrahydropyrido[l,2,3- 

dejquinoxalines, electronic absorption 
spectra, 71,158 

Diaryltetrazines, in Diels-Alder reactions, 

72, 342 

Diaza-1,3-butadiene, reaction with 
enamines, 72, 341 

1.3- Diazacyclohepta-l,2,4,6-tetraene, 74,164 
Diazaphosphorins, 72,338 

2.7- Diazatropylidene, 74,164 
3/7-1,2-Diazepine, 73,108 

2.4- Diazido-6-(cyanomethoxy)-l,3,5-triazine, 

reaction with uracil hydrazones, 71,104 

2.4- Diazidopyrimidines, tautomerism to 5- 

azidotetrazolo[l,5-a]pyrimidines, 72,207 
Diazirines, photolytic fragmentation, 72,363 
Diazo functionality, 74, 157 
Diazoimines, 74,156,157,191,194 
5-Diazomethyl-4-alkoxy carbonyl-1,2,3- 
thiadiazole, 74, 213 

5-Diazomethyl-4-methoxycarbonyl-l,2,3- 
triazole, 74, 220 

Diazonamide A, synthesis, literature review, 

73, 326 

Diazotation, 74, 16 

Dibenzotellurophene, reaction with iron 
complexes, 72, 20 


Dibenz[c,e]azepines, 73,101 
Dibenzo-p-dioxins, synthesis, literature 
review, 73, 347 

Dibenzo[6,n]tetraphenylenes, 73, 35 
Dibenzothiophene complexes, 72,17 
o-Dibenzoylbenzene, 73,54,58 
Dibenzoylmethane, reaction with o- 
phenylenediamine, 71, 4 

1,3-DIBF, see 1,3-diphenylisobenzofuran 

7.8- Dibromo-2,4- 

bis(dibromomethyl)benzodiazepine. 

71,31 

1.2- Dibromocyclopropenes, reaction with 

diazoalkenes, 75,192 

7.8- Dibromo-2,4-dimethyldihydrodiazepine, 

bromination, 71,31 

l,l-Dibromo-3-phenyl-l-butene, reaction 
with enaminoketones, 72, 286 

4.5- Dibromo-6(l//)-pyridazinones, 

oxopropylation with chloroacetone, 75, 
198 

3.3- Dibromo-l,3-\ 4 4,2,5-thiaditelluradiazol, 

71,131 

3.3- Dibromo-l,3-\ 4 ,4,2,5- 

thiatelluraselenadiazol, 71,126 

3.5- Dibromo-l,2,4-triazoIe, fluorination, 

75,10 

2.4- Di-f-butyI-6-chloropyrimidine, 74, 25 

1.3- Dicarbonyl compounds, reaction with o- 

phenylenediamine, 71,3 
Dicarbonylnitrile ylid, 74,190 

3.6- Dicarbomethoxy-l,2,4,5-tetrazine, 

reaction with butadienes, 75,191 
Dichloro-bis(sulfinylamino)tellurane, 71,128 
Dichlorocarbene, reaction with 
benzodiazepines, 71,34 
Dichlorodiazenes, reaction with electron 
rich alkenes, 75,180 

1.4- Dichloro-1,4-diphenyl-2,3- 

diazabutadiene, 75,13 

1.4- Dichloro-3,5-diphenylpyrazole, 

spontaneous rearrangement, 75, 24 

8.8- Dichloro-3,5-dipyrrolidino-1,2,4- 

triazolo[4,3-c]pyrimidin7(8//)-one, 75, 
259 

1.3- Dichloroindoles, 75, 3,4 

3.3- Dichloro-3//-indoles, by rearrangement 

of 1,3-dichloroindole, 75, 24 
2-Dichloromethyl-4,6-dimethyl-l,3- 
pyrimidine, 71, 61 
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M5-DichIoro-4-methyl-1.2.3-triazolc. 

preparation, 75, 8 
2-[2-(3,4-Dichlorophenyl)acetyl]- 
perhydropyrido[ 1,2-a]pyrazine, 
reduction, 71,205 

3.6- Dichloropyridazine, reaction with methyl 

lithium, 75, 195 

3.6- Dichloro-4-pyridazinecarbonyl chloride, 

in Friedel-Crafts reactions, 75,206 

4.5- Dichloro-3(2//)-pyridazinone, 

aromaticity index, 75,213 

4.5- Dichloro-6(l//)-pyridazinones, 

oxopropylation with chloroacetone, 75, 
198 

2.3- Dichloropyridine, reaction with nickel, 

72,24 

1.3- Dichloro-l l//-pyrido[2,l-6]quinazoline, 

73, 235 

3.5- Dichlorosalicyladchyde, reaction with 

enamines, 72,333 

5.7- Dichloro-3-substituted-l ,2,3-triazolo[4,5- 

rfjpyrimidine, 71, 70 

Di-Tn-chloro-tctrachloro-lK 2 chloro,2K 2 -T)- 
sulfurdiimidato(2-)-l<|)/V,2K V'- 
dilellurium, 71, 125 

3.3- Dichloro-l,3-X 4 4,2,5-lhiaditeIluradiazol, 

71,131 

3.3- Dichloro-l,3X 4 ,4,2,5-thiatelluraselena- 

diazol, 71, 123 

1.3- Dichlorotriazole, 75, 10 

action as a chlorinating agent, 75,31 
mechanism of chlorination reactions with 
aryl alkyl ketones, 75,41 

5.7- Dichloro-l,2,4-triazolo[l,5-n]pyrimidine, 

72,147 

2.4- Dichlorovinamidinium salts, reaction 

with o-phenylenediamine, 71,41 
Dicyanoazadiene, 74, 27 

4.5- Dicyano-2-diazo-2ff-imidazole, reaction 

with 1,3-dienes, 75,189 

1- Dicyanomethylene-3-indanone, reaction 

with trimelhyl ortho formate, 75,105 

2- (Dicyanomethylene)pyridines, 72,321 

4.5- Dicyanopyridazine, conversion to 1,2- 

dicyanobenzenes, 75,210 

3.5- Dicyano-l,2,6-trimethylpyridinium salts, 

74,196 

4-(2,2-Dicyanovinyl)-l,2,3-triazole, 71,84 

3.5- Di(ethoxycarbonyl)pyridin-4-(l//)-one, 

74, 136 


a-(2,2-Diethoxycarbonylvinyl)amino-/3- 
dimethylaminoacrylic 
acid, reaction with aminoheterocycles, 72, 
327 

4,6-Diethoxy-l-ethylpyrimidinium 
tetrafluoroborate, 74, 101 
5-(Diethoxymethyl)-2(37/)-furanone. 

conversion to 5-formyl-2(5//)-furanone, 
73, 276 

1.1- Diethoxyphthalan, 73, 10 
3-Die thylamino-11,11 -bis(4- 

dimethylaminophenyl)-! 1 //-pyrido[2,l - 
6]quinazoline, 73,233 
5-Diethylamino-9-methoxy-3-phenyl-l,2,3- 
triazolo[4,5-<7][ 1,5]diazocines, 71, 88 
Diethyl 2-aryl-4-hydroxy-4-methyl-6- 
oxocyclohexane-l,3-dicarboxylate, 
reaction with 2-aminopyridines, 73, 240 
Diethyl[(9,10-difluoro-6-ethoxycarbonyl-7- 
oxo-7T/-pyrido[l ,2,3-rfe]-l ,4- 
benzoxazin-3-yl)methyl]malonatc, 
hydrolysis, 71, 173 

3,3-Diethyl -3,4-dihydro-2//-pyrimido[2,1 - 
a]isoquinoline-2,4-dione, 73, 228 
reaction with ethanol and base. 73, 195 
!V,lV-Diethyl-9,10-dimethoxy-l,3,4,6,7,116- 
hexahydro[l,4]oxazino[3,4- 
a]isoquinoline-3-carboxamide, 
resolution, 71,181 
Diethyl 1,6-dioxo-5,6-dihydro-1 //- 
pyrido[l ,2-a]quinazoline-2,4- 
dicarboxylatc, 73,239 
Diethyl 6,10-dioxo-5,6-dihydro- 10W- 
pyrido[l,2-a]quinoxaline-7,9- 
dicarboxylate, 71,249 

Diethyl 3,6-diphenyl-1,2-dihydropyridazine- 

1,2-dicarboxylatc, conformation, 75, 218 
Diethyl 3,6-diphenyl-l,2,3,6- 

tetrahydropyridazine-l,2-dicarboxylate, 
conformation. 75,218 

2.2- Diethyl-7-ethoxy-8-oxo-1,2,3,4- 

tetrahydro-8//-pyrido[l,2-a]pyrazinium 
chloride, 71,238 

3.3- Diethyl-1,3,4,6,7,1 lb-hexahydro-2//- 

pyrimido[2,l-n]isoquinoline, 73, 200 
IR spectra, 73,188 
alkylation, 73,204 

rt/i/iyrfra-l,3-Diethyl-2-hydroxy-4-oxo-4/7- 
pyrimido[2,l-n]quinolinium hydroxide, 
73,243 
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Diethyl l(l-oxo-l,2-dihydro-3- 

isoquinolinyl)amino]methylene 
malonate, cyclisation, 73,221 

Diethyl 10-oxo-6.10-dihydro-6//-pyrido[2,l - 
c][l,4]benzothiazine-7,9-dicarboxylate, 
theoretical calculations, 71,155 

Diethyl 1 l-oxo-6,7,8,9- tetrahydro-lltf- 
pyrimido[2,l-6]quinazoline-6,6- 
dicarboxylate, 73,206 

3.3- Dielhyl-3,4,6,7-tctrahydro-2//- 

pyrimido[2,l-fl]isoquinoline-2,4-diones, 
73,242 

8.9- Difluoro-10-(l- 

benzyIoxycarbonylaminocyclopropyl)-3- 
methyl-7-oxo-2,3-dihydro-7//- 
pyrido[ 1.2,3-r/ej-l ,4-benzoxazine-6- 
carboxylic acid, reaction with amines, 

71,171 

Dilluoro-bis(sulfinylamino)tellurane, 71,128 

Difluorocyclopropenone, reaction with 
isobenzofurans, 73,49 

8.9- Difluoro-10-(2,6-dimethy)-4-pyridyl)-3- 

methy)-7-oxo-2.3-dihydro-7//- 
pyrido[ 1,2,3-dc]-1,4-benzoxazine-6- 
carboxylic acid, reaction with thiols, 71, 
171 

9.10- Difluoro-3-methyl-2,3-dihydro-7//- 
pyrido[ 1,2,3-<7e)-l,4-benzoxazine-6- 
carboxylic acid, reaction with amines 
71, 172 

9.10- Difluoro-3-methyl-8-nitro-7-oxo-2,3- 
dihydro-7H-pyrido[l,2,3-rfe]-l,4- 
benzoxazine-6-carboxylic acid, reaction 
with carbonate 71,171 

9.10- Difluoro-3-methyl-7-oxo-2,3-dihydro- 
7W-pyrido[l,2,3-rfe]-l,4-benzoxazine-6- 
carboxylic acid, reaction with carbonate 
71,171 

reaction with azides, 71, 172 

9.10- Difluoro-7-oxo-7 W-pyrido[l ,2,3-de]-l ,4- 
benzoxazine-6-carboxylic acid, reaction 
with amines 71,170,172 

substitution reactions, 71, 185 

Difluorotellurocarbonyl, preparation and 
spectra, 71, 118 

3.4- Diformaldoxime furoxan, 74,204 

Diformylamine, 74,146 

3.6- Diformylpyridazine, condensation with 

diamines. 75,205 

5.6- Difur-2'-yl-3-(2tf)-pyridazinone, 75,188 


Dihalogenodithiatelluradiazol, 71,133 
Dihalogenothiaselenatelluradiazol, 71, 133 

4,5-Dihalo-3(2//)-pyridazinones, reactivity. 
75, 203 

5.7- Dihalo-1,2,4-triazolo[l,5-«|pyrimidines, 
as fungicides, 72,169 

Dihetaryl ethers, photochemical 

transformations, literature review, 73, 
301 

3.7- Dihetcrabicyclo[3.3.1 ]nonan-9-ones, in 

synthesis of heterocycles, literature 
review, 73,307 

Diheterotetrazines, in Diels-Alder reactions, 
72,342 

Dihydroaminoazines, 74,16 
Dihydroazepines, formation, 73,117 

1.4- Dihydro-l ,3,4-benzotriazepin-5-ones, 

ring contraction, 75,118 

2.7- Dihydro-3,4-benzoxepines, 73, 126 

2.3- Dihydro-3-cyanobenzodiazepines, 71, 

29,45 

2.3- Dihydro-l,4-diazepinium cations, bond 

lengths, 71,20 

2.5- Dihydro-2,2-dimethoxy-2,5,5-trimethyl- 

1 HA ,2,4-oxadiazole, thermolysis, 72, 

401 

4.7- Dihydro-l,3-diphenylisobenzofuran, 

reaction with nitrenes, 73, 51 
ep/-16,17-Dihydroeburnamenine, 72, 251, 

275 

1.4- Dihydro-l ,4-epoxynapthalene, Diels- 

Alder complex with tetracyclone, affect 
of heat, 73,5 

1.4- Dihydro-l ,3-epoxy-3-phenylisoquinoline, 

thermolysis, 73,8 

1.4- Dihydro-6-ethoxy-1 -ethyl-4- 

iminopyrimidine hydrogen 
tetrafluoroborate, 74,101 

1.4- Dihydro-4-ethoxy-l-ethyl-6- 
iminopyrimidine hydrogen 
tetrafluoroborate, 74,101 

1.2- Dihydro-3-formyl-2-imino-l- 

methylpyridine, 74,196 
Dihydrofurans, 72,296 

2.3- Dihydrofuran, thermal decomposition, 

72,368 

2.3- Dihydro-3-hydrazino-3-methyl-1,2,4,5- 

tetrazine, 74,85 

3-f?-6-l,6-Dihydro-hydrazino-l,2,4,5- 
tetrazine, 74, 82 
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2.3- Dihydro-3-hydrazino-3-/?-l,2,4,5- 

tetrazine, 74 , 83 

1.2- Dihydro-l -hydroxy-2,3,1- 

benzodiazaborine, 74 , 121 

1.4- Dihydro-4-hydroxy-l -methyl-3- 

nitroquinoline, 74 , 99 

1.2- Dihydro-2-hydroxy-l-methyl-3- 

nitroquinoline, 74 , 99 

2.3- Dihydro-6-hydroxylamino-2-oxopurine, 

74 , 176 

2.3- Dihydro-7-hydroxy-5-oxo-5//- 

pyrido[l ,2,3-de]-1,4-benzoxazine-6- 
carboxamides, 71 , 174 

3.4- Dihydro-l-hydroxy-3-oxopyrido[l ,2- 

fl]pyrazin-5-ium betaine, 71 , 243 

3.5- Dihydro-4-hydroxy-3,3,5,5-tetramethyl- 

4/7-pyrazole, fragmentation, 72 , 371 
6,7-Dihydro-7-hydroxy-3W- 

triazolopyrimidine cations, 71 , 83 

1.2- Dihydro-2-imino-l,4-dimethylpyrimidine, 

74 , 168 

1.2- Dihydro-2-imino-l,6-dimethylpyrimidine, 

rearrangement, 75, 111 

1.2- Dihydro-2-imino-5-methoxy-1 - 

methylpyrimidine, rearrangement, 75 , 
111 

1.6- Dihydro-6-imino-1 -methyl-2- 

methylthiopyrimidine, lack of 
rearrangement, 75, 114 

1.2- Dihydro-2-imino-l-methy!pyridine, 

hydrolysis, 75, 104 

1.2- Dihydro-2-imino-l-methylpyrimidine, 74 , 

165 

rearrangement, 75,110,114 

1.6- Dihydro-6-imino-l-methylpyrimidine, 

rearrangement, 75 , 114 

2.3- Dihydro-2-imino-3-methylquinazoline, 

74 , 180 

rearrangement, 75 , 117 

1.6- Dihydro-6-imino-1,2- 

polymethylenepyrimidines. 
rearrangement, 75 , 115 

l,2-Dihydro-2-imino-l,4,6-trimethyl-5- 
substituted phenylpyrimidine, rate of 
Dimroth rearrangement, 75 , 111 

4.5- Dihydroisobenzofuran, synthesis, 73 , 23 

4.7- Dihydroisobenzofurans, 73 , 20 

4.5- Dihydroisoxazoles, conversion to 

pyridazines, 75,184 

2.5- Dihydro-2-methoxy-2,5,5,-trimethyl-l W- 

1,3,4-oxadiazole, thermolysis, 72 , 372 


4.5- Dihydro-4-methylene-3//-pyrazole, 

pyrolysis, 72 , 376 

6,7-Dihydro-2-methyl-5-thiomethyl-l,2,3- 
triazolo[4,5-d]pyrimidines, 71 , 68 

1.6- Dihydro-l-methyl-6-thiopurine, 74 , 175 

5.6- Dihydro-3-methyl-l,2,4-triazolo[4,3- 

c]pyrimidin-5-ones, 75,255 

1.2- Dihydro-l-oxo-2,3-diphenylpyrido[l,2- 

а] pyrazinium salt, 71 , 245 

2.3- Dihydro-7-oxo-7tf-pyrido[l,2,3-de]-l,4- 

benzothiazine-6-carboxylates, 71, 233 

2.3- Dihydro-3-oxo-l,2,4-triazine, 74,71 

2.3- Dihydro-4//-pyran, reaction with N- 

chlorobenzotriazole. 75,48 
Dihydropyrazoline, thermolysis with 
pyrazole, 73,5 

Dihydropyridazines, aromatization, 75,209 

1.4- Dihydropyridazines, reduction with 

trimethylsilane, 75,209 

4.5- Dihydro-3(2/7)-pyridazinones, electron 

impact mass spectra, 75,216 

1.2- Dihydro-3,6-pyridazinediones, 75, 173 

1.4- Dihydropyridines, synthesis, 72, 307 

1.4- Dihydropyridinium salts, synthesis, 72, 

308 

Dihydropyrido[l ,2-]azepines, 73, 116 
5,1 l-Dihydro-6//-pyrido[2,3- 

i][l,4]benzodiazepin-6-one, 73, 244 

2.3- Dihydropyrido[l ,2,3-de]-l .4- 

benzothiazinium bromide. 71, 231 

2.3- Dihydro-5//-pyrido[l,2,3-de]-l,4- 

benzothiazin-5-one, 71 , 230 

2.3- Dihydro-7//-pyrido[l ,2,3 -de] 1,4- 

benzoxazine-3,7-dione, 71 . 169,212 

3.7- Dihydro-2//-pyrido[l ,2,3-de]-l ,4- 

benzoxaz.ine-3,7-diones, reaction with 
amines, 71 , 164 

3.5- Dihydro-2H-pyrido[ 1,2,3-de]-1,4- 

benzoxazin-3-ones, 71 , 169 

3.4- Dihydro-2W-pyrido[2,1 -6][ 1,3]oxazinium 

iodide, 72,260 
catalytic reduction, 72,235 

3.4- Dihydro-2W-pyrido[2,l- 

б] [l,3]thiazinium-9-olate, 72, 249 

3.4- Dihydro-2//-pyrimido[2,l - 

fl]isoquinolines, 73 , 227 

3.4- Dihydro-2//-pyrimido[2,1 - 

a]isoquinoltne-2,4-diones. 73, 200,242 

3.4- Dihydro-2H-pyrimido[2,l-a]isoquinolin- 

2-one, 73 , 232 
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2.3- Dihydro-l//-pyrimido[l,2-a)isoquinolin- 

3-one, ring chain tautomerism, 73,181 

2.3- Dihydro-1 //-pyrimido[l ,2-fl]quinolines, 

73 , 223 

2.3- Dihydro-l //-pyrimido[3,4-a]quinoline- 

1,3-diones, 73,220 

2.3- Dihydro-l//-pyrimido[1.2-a]quinolin-3- 

one, 73 , 193.202,240 
reduction, 73 , 199 

2.5- Dihydropyrrole, shock tube thermolysis, 

72 , 394 

1.2- Dihydroquinazoline, 75 , 119 
Dihydroselenopheno[2,3-b]pyridine, 72 , 

111 

Dihydro-3,3,5,5-tetramethyl-4-methylene- 

4.5-3//-pyrazole, gas phase pyrolysis, 72 , 
376 

3.5- Dihydro-3,3,5,5-tetramethyl-4//- 

pyrazole-4-thione, photolysis and 
thermolysis, 72,378 

3.5- Dihydro-3,3,5,5-tetramethyl-4//- 
pyrazoIe-4-thione 5-oxide, photolysis 
and thermolysis, 72 , 378 

2.3- Dihydro-l,2,4,5-tetrazine, 74 , 84 

1.4- Dihydro-l,2,3,4-tetrazol-5-ones, dipolar 

cycloreversion, 72 , 385 

6.7- Dihydrotetrazolo[l ,5-a]pyrimidines, 72, 

204 

4.7- Dihydrotetrazolo[ 1,5-a]pyrimidines, 72, 

204 

1.4- Dihydro-l ,2,3,4-tetrazol-5-thiones, 

dipolar cycloreversion, 72,385 

2.7- Dihydro-l ,4,5-thiadiazepines, thermally 

decomposed into pyridazines, 75,187 

2.5- Dihydro-l ,3,4-thiadiazoles, 

fragmentations, 72 , 370 

4.6- Dihydro[1,3]thiazino[2,3-a]isoquinolin-6- 

one, 72 , 245 

4.6- Dihydrof 1,3]thiazino[3,2-6]isoquinolin-6- 

one, 72 , 247 

oxidation on sulfur, 72,244 

1.2- Dihydro[l,4]thiazino[4,3-a]quinolin-l- 

ones, 71 , 227 
reduction, 71 , 181 

2.5- Dihydrothiophene, 72 , 403 
shock tube thermolysis, 72 , 394 

2.3- Dihydrothiophene dioxide, thermolysis, 

72, 401 

4.7- Dihydrotriazolopyrimidines, hydrolysis, 

72, 146 


4.7- Dihydro-l,2,4-triazolo[l,5-a]pyrimidine, 

equilibrium geometry calculations. 72, 
163 

2,3-Dihydro-l ,2,4-triazolo[l ,5-c]pyrimidines, 
72 , 184 

l,8n-Dihydro-l,2,4-triazolo[4,3-a]pyrimidine. 

72,179 

4.7- Dihydrotriazolopyrimidines, alkylation. 

72,153 

hydrolysis, 72,146 

4.7- Dihydro-l ,2,3-triazolo[l,5-a]pyrimidine, 

71 , 60 

Dihydrotriazolo[4,3-a]pyrimidin-5-ones, 72 , 
173 

5.6- Dihydro-l,2,4-triazolo[4,3-a]pyrimidin-7- 

one, 73 , 153,165 

1,8«-Dihydro-l,3,7-trisubstituted-1,2,4- 

triazolo[4,3-a]pyrimidines, mass spectra, 
73,169 

(lS)-8,9-Dihydroxy-5-amino-2,3-dihydro- 
1 //-pyrimido[l ,2-a]quinoline-1 - 
carboxylic acid, a constituent of 
siderophores, 73 , 179 
(3S)-8,9-Dihydroxy-5-amino-2,3-dihydro- 
1 //-pyrimido[l ,2-a]quinoline-3- 
carboxylic acid, a constituent of 
siderophores, 73 , 179 

1.2- Di-/?-4-(hydroxyamino), 

hexahydropyrimidines, 74 , 170 

1.3- Di-(2-hydroxyethyl)adenosine 3',5'- 

cyclic phosphate, failure to rearrange, 
75,133 

3.3- Dihydroxy-3,4-dihydro-27/-pyrido[2,l- 

b][l,3]thiazinium iodide, 72, 264 

3.6- Dihydroxy-3,4-dihydro-2//-pyrido[2,l- 

b][l,3]thiazinium salts, reaction with 
orthophosphoric acid, 72,245 

8.9- Dihydroxy-l,3,4,6,11,1 la- 

hexahydro[l ,4]oxazino[4,3- 
fc]isoquinolin-l-one, oxidation, 71,168 
(3,4-(ran.s-4,5-tra«.r)-4,5-Dihydroxy-3- 

hydroxymethylhexahydropyridazine, 75, 
186 

8.9- Dihydroxy-l-oxo-3,4-dihydro-l//- 

[l,4]oxazino[4,3-b]isoquinolinium 
chloride, 71 , 168 

l,12-Dihydroxyperhydrodibenzo[ac]pyrazin, 
71 , 208 

2.3- Di-indoyl-4-methylbenzodiazepine, 

71,18 
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3-Diiodopyridazine. 75,202 

4.5- Diiodo-l,2,3-triazole,from l-iodo-1,2,3- 

triazole, 75,24 

1.3- Diisopropyl-8-azaxanthines, biological 

activity, 71, 66 

1.3- Dimesitylisobenzofuran, lack of Diels- 

Alder reactions, 73,29 
1 -(3,4-Dimethoxybenzy l)-9-hy droxy-1,2,3,4- 
tetrahydro-8/7-pyrido[l,2-fl]pyrazin-8- 
onc, reaction with formaldehyde, 71, 

195 

4.4- Dimethoxybutan-2-one, reaction with 

aminotriazoles, 72,134 
fln/iydro-2,3-Dimethoxycarbonyl-3//- 
pyrido[ 1,2,3-de]quinoxalin-4-ium 
hydroxides, 71,250 

3.6- Dimethoxycarbonyltetrazine, reaction 

with dienamines, 72,342 

5.6- Dimethoxy-l,3-diphenylisobenzofuran, 

in Diels-Alder reactions, 73,31 

9.10- Dimethoxy-1,3,4,6,7,11 6- 
hexahydro[ 1,4]oxazino[3,4- 
«]isoquinolinc-2-carboxamide. 71, 214 

9.10- Dimethoxy-1,3,4,6,7,116- 
hexahydro[l ,4]oxazino[3,4- 
a]isoquinolin-3-one, 71, 216 

9.10- Dimethoxy-2,3,4,6,7,116- 
hexahydro[l ,3]oxazino[2,3- 
ajisoquinoline, pK„, 72, 227 

mcthiodides, 72, 237 

9.10- Dimethoxy-1,2,3,4,6,7-hexahydro- 
7/6pyrimido[2,l-a]isoquinoline, 73,199 

9.10- Dimethoxy-l ,2,3.4,6,7- 
hexahydropyrimido[2,1 - 
a]isoquinolinium chloride, reduction, 73, 
199 

9.10- Dimethoxy-2-hydroxy-6,7- dihydro-4/7- 
pyrimido[2,l -n]isoquinoline-4-one, 73, 
242 

4.7- Dimethoxyisobenzofuran, in synthesis of 

dynemycin A, 73,41 

2-(Dimethoxymethyl)benzyl alcohol, as 
precursor of isobenzofuran, 73,10 

9.10- Dimethoxy-l 16-methyl-l.3,4.6.7,116- 
hexahydro[l ,4]thiazino[3,4- 

ajisoquinoline, conformations by IR 
spectra, 71, 156 

9.10- Dimethoxy-2-morpholino-6,7-dihydro- 
46/-pyrimido[2,l-o]isoquinolin-4-one, 

73,238 


10,11-Dimethoxy-l,2,3,4,5,6,7,8-octahydro- 

2,6-benzodiazocine, 73,199 

3-(3.4-Dimethoxyphenyl)furo[3.4-6]indoles, 
73,26 

3.6- Dimethoxypyridazine, reaction with 

hydrazine, 75,207 

4.6- Dimethoxypyrimidine, 74,44 

9,10-Dimethoxy-2-substituted 1.2,3,6,7,116- 

hexahydro-4W-pyrazino[2,l- 
n]isoquinolin-3-ones, 71,235 

2.5- Dimethoxytetrahydrofuran, 73, 25 
reaction with hydrazines, 75,184 

1,9-Dimethyladenine, rearrangement, 75, 
133 

3- Dimethylaminoacrylonitriles, use in 

Thorpe-Ziegler cyclisation, 72, 99 
1-Dimethylaminobenzylbenzotriazole, 

75, 56 

1- Dimcthylamino-5-cyano-2,3a,6n- 

triazaphenalenium chloride, 74, 185 

4- Dimethylamino-l ,2-dihydro-2-imino-1 - 

methylpyrimidine, 74, 166 

5- (Dimethylamino)-2(3/7)-furanonc. 

hydrolysis, 73,278 

3- Dimethylamino-2-indolinones, in 

cyclisation to a carbolines, 72, 323 
5-Dimethylaminomethyleneamino-4-(2- 
cyano-2-ethoxycarbonylvinyl)-l,2,3- 
triazole, 71, 84 

2- Dimethylamino-3-methyl-4- 

thiobenzodiazepine, condensation with 
acid hydrazides, 71, 38 

5.7- 6i.T(Dimethylamino)-3-(methylthio)- 

1,2,4-triazolo[4,3-n][l ,3,5]triazine, 
isomerisation to [1.5-a] isomer, 75, 102 

4- Dimcthylamino-5-nilro-2-imino-1 - 

methylpyrimidines, 74,166 

4.6- Dimethylamino-5-nitropyrimidine, 72, 

330 

Dimethylamino-6-nit ro-1,2,4-t riazolo [ 1,5- 
«|pyrimidine, 74,180 
3H,6H-3.6-bis(p-W- 

Dimethylaminophenyl)-l,2-dithiole, 75, 
107 

l-Dimethylamino-3-phenylisobenzofuran, 
preparation, 73, 19 
3//,6//-2,5-6w(p-N,N'- 

Dimethylaminophenyl)-l ,2- 
thiazolino[5,4-d][l,2]thiazoline-3,6- 
dithione, rearrangement, 75, 107 
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2-( p-Dimethylaminostyryl)-4- 

phenylpyrimido[2,l-a]isoquinolinium 
perchlorate, 73 , 216 
Dimethyl (3-amino-l,2,4-triazol-l- 
yl)fumarate, 73 , 155 

1.3- Dimelhyl-4-aminouracils, conversion to 

triazolopyrimidines, 71 , 70 
4-Dimethylaminoviny)-3-cyanoquinolincs, 
cyclisation, 72 , 323 

1.3- Dimethyl-5-azauracil, 74 , 148 

1.3- Dimethyl-8-azaxanthines, biological 

activity. 71 , 66 

1.3- Dimethyl-8-azaxanthine monohydrate, 
crystal structure. 71 , 104 

2.4- Dimethyl-l ,5-benzodiazepines, 71 , 26 
as anticancer agents, 71 , 3, 
preparation, 71 , 3 

reaction with phenylhydrazone, 71 , 26 
ring contraction, 71 , 27 
reduction, 71 , 28 

failure to react with lithium aluminium 
hydride. 71 , 29 
acetylation. 71 , 29 
tosylation. 71 , 30 
methylation, 71 , 30 
deuteration on N, 71 , 30 
bromination, 71 , 31 
nitration. 71 , 32 
nitrosation. 71 , 32 
reaction with benzaldehyde, 71 , 33 

2.4- Dimethylbenzodiazepinium chloride, 

preparation, 71 , 4 
X-ray structure, 71 , 20 
.V,A-Dimethylbenzyiamincs. oxidation with 
1-chlorobenzotriazole, 75 , 55 

2.3- Dimcthylbutadiene. reaction with 

telluroketoncs, 71 , 135 
Dimethyl 2-cyano-l-azabenzo[h]cyclo[3.3.3.]- 
azine-3,4-dicarboxylate, 73 , 211 
Dimethyl 3-cyano-l ,4-diazabenzo[j]cyclo- 
[3.3.3.1azine-5,6-dicarboxylate, 73 , 211 

2.6- Dimethyl-3-cyano-4-pyranone, 72 , 335 

1.3- Dimethyl-5-cyanouracil, 74 , 184 
7,8-Dimethyl-9,10-dihydro-6//-pyrido[2,l- 

c][l,4]benzothiazinium bromide, as 
photographic material, 71 , 253 

1,2-Dimethyl-1,9«-dihydro-2//-pyrido[ 1,2- 
a]pyrazine-6,7,8,9-tetracarboxylate. 71 , 
250 

4.6- DimethyI-2,3-dihydro-l//-pyrimido[ 1,2- 

«]quinolinium salt, 73 , 223 


5.7- Dimethyl-2-(2,6-dimethy!-4- 

pyrimidylimino)-2//-l,2.4-thiadiazolo- 
[2.3-c]pyrimidine, formation, 75, 148 

5.7- Dimethyl-3-(2,6-dimethyl-4- 

pyrimidylimino)-3//-l,2,4-thiadiazolo- 
[4,3-c]pyrimidine, attempted 
rearrangement. 75,147 

5.6- Dimethyl-l,3-diphenylisobenzofuran, 
reaction with nitrosobenzene, 73, 44 

2.2- Dimethyl-l,3-diphenylisoindene, 73, 20 

2.4- Dimethyl-3- 

diphenylmethylenebenzodiazepine, 

71,48 

2.6- Dimethyl-2//,6//-l,5-dithiocine, 72,403 

2.5- Dimelhylfuran, shock tube thermolysis, 
72,394 

Dimethyl furan-3,4-dicarboxylate, 
condensation with N- 
methylsuccimnude, 73 , 25 

1.3- Dimethylfuro[3,4-f)]indoles, 73 , 26 
c;,v-5«,6tra«.v-9-//-6,9-Dimethyl- 

5a,6,7,8,9,11 -hexahydropyrido[2,1 - 
6 ] [ 1,3]bcnzoxazi n-1 l-one, X-ray 
crystallography, 72, 233 
8,9o-DimethyI-2,3,4,6,7,9a- 

hexahydropyrido[2,l-f>][3,l]oxazine-6,7- 
dione, 72,255 

(3S,1 laR)-cis-3,l lo-Dimethyl- 

1,3,4,6,11,11 o-hexahydrothiazino[4,3- 
6|isoquinolin-l ,4-diones, 71, 229 
(mliyz/ro-9,9-Dimethyl 4-hydroxy-2-oxo- 
6,7.8.9-tetrahydro-2//-pyrido[2,l- 
6]fl.3]thiazinium hydroxide. X-ray 
crystallography, 72,234 

2.3- Dimethyl-3-hydroxyperhydropyrido[ 1,2- 

a] pyrazine-1,4-diones. 71, 247 

1.3- Dimethyl-2(3//)-imidazole thione, metal 

complexes, 72,40 

3.5- Dimelliyliniidazo[1.2-a|pyrimidine, 
rearrangement, 75,83 

3.7- Dimethylimidazo[t ,2-a]pyrimidine, 

rearrangement, 75,83 

3.4- Dimethyl-5-iodopyrazolc, by 

rearrangement of 1-iodo derivative, 
75,24 

1.3- Dimethylisobenzofuran, 73, 6 

3.3- Dimethyl-2-isopropylidenethiirane S- 

oxide, 72,379 

3.5- Dimethylisoxazole, thermal 

isomerisation, 72, 368 
shock tube thermolysis, 72,397 
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4,6-Dimethyl-2-mercaptopyrimidine, 
zirconium complexes, 72 , 40 
copper complex, 72 , 42 

2.4- D i methyl-3-( A-methyl-3 ',4'- 

dihydrobenzoxazin-2'-on-4'- 
yl)benzodiazepine, 71 , 6 
Dimethyl methylenesuccinate, reaction with 
hydrazine hydrate, 75 , 173 
Dimethyl 6-methyl-8-(3-nitrophenyl)-3-oxo- 
1,3,4,8-tetrahydropyrido[2,l- 
c] [ 1,4]oxazine-7,9-dicarboxylate, 
hydrolysis, 71 , 164 
Dimethyl 6-methyl-3-oxo-l,3,4,8- 

tetrahydropyrido[2,l-c][l,4]oxazine-7,9- 
dicarboxylate, 71 , 215 
Dimethyl 2-methyl-7-propionyl-l,6-dioxo- 

2,6-dihydro-l W-pyrido[l,2-a]pyrazine- 
8,9-dicarboxylates, 71 , 208 
Dimethyl 1 -methylthio-6,11 -oxo-3,4,6,1 l- 
tetrahydro[l,4]thiazino[4,3- 
6]isoquinoline-3,4-dicarboxylale, 71 , 231 
A,A-Dimethyl-A’-(5-methyl-l,2,4- 
triazoloj 1,5-a]pyrimidin-7- 
yl)formamidine, 72 , 160 

2.4- Dimethylnaphthodiazepine, X-ray 
structure, 71 , 20 

2.3- Dimethyl-7-nitro-l, 5-benzodiazepine, 

reduction, 71,28 

2.4- Dimethyl-7-nitrobenzodiazepine, 

hydrolysis, 71 , 25 

5,116-Dimethyl-2-oxo-l,3,4,6,7,l 16- 
hexahydro-2//-pyrimido[2,l- 
fl]isoquinolinium iodide, preparation, 
73 , 204 

2.4- Dimethylpenta-l,3-diene-3-selenole, 

irradiation, 72,380 

2.4- Dimethyl-l,3-pentadiene-3-thiol, 72 , 378 
2,9-DimethyIperhydropyrido[2,l- 

6][l,3]oxazine, diastereomers, 72 , 231 
(3R,9rtR)-3,4-Dimethylperhydropyrido[l,2- 
o]pyrazine-l,4-dione, 71 , 163 
A,A'-Dimethyl-o-phenylenediamine, in 
preparation of 1,5-benzodiazepines, 

71 , 12 

2,2-Dimethyl-4-phenyloxazolidine, 
protecting group in amino acid 
synthesis, literature review, 73 , 338 
Dime thyl 1 -phenyl-2-oxo-l ,116-dihydro-2A- 
pyrimido[2,l-a]isoquinoline-3,4- 
dicarboxylate, ring opening, 73 , 194 


Dimethyl l-phenyl-2-oxo-l,2-dihydro-l 16- 

//-pyrimido[2,l-a] isoquinoline-3,4- 

dicarboxylate, 73,244 
oxidation, 73, 196 

3.5- Dimethyl-l-phenylpyrazole, 71, 26 
Dimethyl 4-phenylpyridazine-3,6- 

dicarboxylate, synthesis, 75, 183 

2,4-Dimethyl-3- 

piperonylidenebenzodiazepine, 

71,33 

l-(2,2-Dimethylpropyl)-4,4-dimethyl-5- 
methylene-4,5-dihydro-177-1,2,3- 
triazole, photolysis, 72,377 

1.3- Dimethylpseudouridine, 74, 144 

3.4- Dimethylpyrazoles, iodination, 75, 6 

3.6- Dimethylpyridazine, A-amination, 75, 

201 

4.6- Dimethylpyrimidine-2-thione, metal 

complexes, 72,40 

1.2- Dimethylpyrimidinium iodide, 74, 96 

5.7- Dimethyl-3-/3-D-ribofuranosy[-1.2,4- 

triazolo[4,3-a]pyrimidine, X-ray 
crystallography, 73, 169 
cis- and trans-2,4- 

Dimethyltetrahydrobenzodiazepines, 

71,28 

1.3- Dimethyl-2-thio-8-azaxanthine, 

molecular orbital calculations, 71,105 

2.5- Dimethylthiophene, T| 5 -complexes, 

72, 19 

4.5- Dimethyl-l,2,3-triazole, chlorination, 

75,8 

3.5- Dimethyl-l,2,4-triazole, 74, 104,105 

5.7- Dimethyl-l,2,3-triazolo[l,5-a]pyrimidine, 

reaction with A-bromosuccinimide, 
71,61 

5.7- Dimethyl-l,2,4-triazoio[l,5-ci]pyrimidine, 

reaction with phenacyl bromide, 72, 

153 

formation of copper and zinc complexes, 
72,158 

3,7(3,5)-Dimethyltriazolo[4,3- 
c?]pyrimidinones, 72,172 

3.5- Dimethyl-4-tropylpyrazole, 
bromination, 75,6 

1.3- Dimethyluracil, 74, 142,143 

1.3- Dimethyluracil-6-arylhydrazones, 

reaction with triazoles, 71,104 

1.3- Dimethylurea, 74,143 
1,1-Dimorpholinoethene, 74,141 
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Dimroth reaction, difference from Dimroth 
rearrangement, 75 , 81 
Dimroth rearrangement, in preparation of 
triazolopyrimidines, 72 , 127,75 , 80 

1.3- Dinitroacetone, 74 , 136 
l-f?-6-(2,4-Dinitroanilino)-l,6- 

dihydropyridine, 74 , 87 

1.4- DinitroimidazoIe, 74 , 123 

4,6-Dinitroisophthaloyl dichloride, reaction 

with benzimidrazone, 75 , 258 

1.4- Dinitro-2-methylimidazole, 74 , 124,126, 

127 

3.5- Dinitro-l-methylpyridin-2(l//)-one, 74 , 

132 

l-(2,4-Dinitrophenyl)pyridinium salts, 74 , 87 

3.5- Dinitropyridin-4(lLf)-one, 74 , 136 

8.10- Dinitro-6//-pyrido[l,2-a]quinazolin-6- 
ones, 73, 240 

6.6- Dinitro-6,7,8,9- tetrahydro-1 IH- 

pyrimido[2,l-6]quinazolin-l 1-ones, 73, 
208 

2.8- Dioxabicyclo[3.2.1]octane-3,4,5- 

tricarboxylic acid, literature review, 73, 
327 

Dioxane, oxidation with 1- 
chlorobenzotriazole, 75 , 55 
l,3,2-Dioxathiolane-2-oxides, conversion to 
oxirancs, 72 , 372 

6.11- Dioxo-5,6-dihydromorphanthridines, 
rearrangement, 75 , 105 

2.3- Dioxo-2,3-dihydro-4//-l,4-oxazines, 

reaction with dimethylsulfoxonium 
methylide, 75 , 138 

1.3- Dioxolanes, in synthesis of 

polysaccharides, literature review, 73, 
338 

regiospecific splitting of C-O bond, 
literature review, 73,339 

4.6- Dioxo-6-W, 1 ltf-U-methyl-3- 

phenyl[ 1,2,4]-triazino[3,4-f>]quinazoline, 
74 , 172 

4,5-Dioxo-2,3,4,5-tetrahydrooxazole, 75 , 

138 

1.3- Dioxo-l,2,3,4-tetrahydropyrido[l,2- 

a]pyrazinium bromide, 71 , 238,245 

1.8- Dioxo-2.3,4,8-tetrahydro-l//-pyrido[l,2- 
n]pyrazine-6-carboxylic acid, 71 , 251 

2.7- Dioxo-l,2,3,7-tetrahydropyrido[l,2,3- 

de]quinoxaline-6-carboxylic acids, 71 , 
249 


l,l-Dioxo-l,2-thiazines, transformation to 
mesoionic pyridazinium salts, 75,186 

5.7- Dioxo-l,2,3-triazoIo[4,5-d]pyrimidine, 

mass spectra, 71 , 65 

3.5- Diphenyl-4-acetylisoxazole, 74 , 190 

2.4- Diphenylbenzodiazepine, preparation, 

71,4 

bromination in presence of copper, 71 , 32 

diazocoupling, 71 , 32 

oxidation to 3-oxobenzodiazepine, 71 , 46 

2.4- Diphenylbenzenediazepinium chloride, 

71 , 25 

2.4- DiphenyIbenzodiazepin-3-one p- 

nitrophenylhydrazone, 71 , 32 
(E)-5,5'-Diphenylbifuranylidineodiones, 
hydrolysis, 73 , 278 
Diphenylcarbinol, oxidation with 1- 
chlorobenzotriazole, 75,51 

3.4- Diphenyl-5-cyano-6(l H)- 

pyridazinethione, 75 , 175 

2.4- Diphenyl-6,7-dihydropyridines, 72, 311 

6.7- Diphenyl-3,4-dihydro-2Lf-pyrimido[2,l- 
ajisoquinolines, 73 , 255 

1.4- Diphenyl-l,4-dioxa-2,3-benzopyrone, 

thermolysis, 73, 61 

Diphenyl epiminohexadiene, 73, 116 

3.6- (Diphenylethinyl)pyridazine, 75, 202 

4.6- Diphenyl-2-fluoropyrimidine, 74 , 72 

2.3- Diphenyl-2,3,4,6,7,8- 

hexahydropyrido[2,l-6][l,3]thiazin-4- 
one, 72 , 268 

4c,9nt-m ,4-ris-Diphenyl-l - 

hydroxyperhydropyrido[2,l - 
c][l,4]oxazine, hydrogenation, 71 , 164 
l-f?-4,4'-Diphenyl-2-iminoimidazolidin-5- 
one, 74 , 162 

2.3- Diphenylindenones, 73 , 19 

1.3- Diphenylisobenzofuran, preparation, 

73 , 13 

Diels-Alder reactions, 73 , 31 
reaction with cyclopropene, 73 , 34 
reaction with acryloylferrocenes, 73 , 42 
reaction with nitrosobenzene, 73 , 44 
reaction with 

diarylalkylidencyclopropenes, 73,44 
reaction with o-nitrosobenzamide, 73, 45 
reaction with selenoaldehyde, 73, 45 
reaction with cyclopropenone, 73,49 
reaction with difluorocyclopropenone, 

73,49 
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reaction with tetra-fert-butylsilene, 73, 49 
reaction with carbenes, 73, 51 
nitration, 73,53 
oxidation, 73,54 
irradiation, 73,56 

3.5- Diphenylisoxazole, chromium 

complexes. 72,30 
1 -Diphenyl methyl-1,2-dihydro-2- 

iminopyridine. rearrangement, 75,104 

5.7- Diphenyl-7-methyl-4,7-dihydro-l,2,4- 
triazolof 1,5-fl]pyrimidine, monoclinic 
crystal structure, 72,163 

3-(Diphenylmethylene)benzodiazepine, 

71, 48 

4.6- Diphenyl-3-methylfuro[3,4-d]isoxazole. 

phosphorescence, 73,61 

6.8- Diphenyl-3-methyl-l-oxopyrido[2,l- 

b] [ 1,4]oxazinium tetrafluoroborate, 
reaction with rert.-butylamine, 71,164 

6.7- Diphenyl-2-methylthiopteridine, 74,64 

6.8- Diphenyl-2-methylthiopurine, 74,64,65 

1.3- Diphenylnaphtho[2,3-c]furan, 

preparation. 73,13 

8,10-Diphenyl-6-oxo-5,6-dihydropyrido[l,2- 
n]quinoxalinium perchlorate, 71,242 

6.8- Diphenyl-l-oxo- 3,4-dihydropyrido[2,l- 

c] [ 1,4]thiazin-5-ium salt, 71,231 

2.9- Diphenylphenanthroline, reaction with 

mercury (11) acetate, 72,13 
2-[(Diphenylphosphino)methyl]quinolin-8- 
ol acetate, ruthenium complexes, 72,44 
2-(Diphenylphosphino)pyridines, as a ligand 
in metal complexes, 72,48 

4.5- Diphenylpyrazo!idin-3-one, oxidation 

with 1-chlorobenzotriazole, 75,59 

3.6- DiphenyIpyridazine, 75,182 
ll,ll-Diphenyl-llH-pyrido[2,l- 

fejquinazolines, 73,235 

5.6- Diphenyl-3-(2-pyridyl)-l,2,4-triazine, 

reaction with rhenium complexes, 72,22 

2.3- Diphenylpyrrole, 73,100 

2.3- Diphenylquinoxaline, 74,66 

1.3- Diphenyl-l,2.3,4-tetrahydro-116-/7-.v- 

triazino[2,l-«]isoquinoline-2,4-dione, 
reaction with dimethyl 
acctylenedicarboxylate, 73,248 
2,5-Diphenyltetrazole, fragmentation, 72, 

384 

2,2-Diphenyl-1,3,4-thiadiazoline, 
fragmentation, 72,384 


4.6- Diphenylthieno[2,3-c]furan, preparation, 

73, 27 

fluorescence and phosphorescence, 73, 61 
Diphenyl-2-thienylphosphine, reaction with 
ruthenium complexes. 72,17 
3,5-Diphenyl-l,2,4-triazine, 74,71,72,74,149 

2.4- Diphenyl-l ,3,5-triazine, 74,71 
Diphyllin, 73,38 

1,3-Dipolar cycloaddition, in preparation of 
pyridazinones, 75,181 
Dipolar species, 74,170 

1.2- Diprotected 1,2,3,6- 

tctrahydropyridazines, 
hydroformylation reactions. 75, 196 

1.5- Diradicals, formation in fragmentation 

reactions, 72,364 
Diradical intermediate, 74,190 

1.2- Diselenete, 72,369 
Diselenides, from dialkylselones, 72, 380 

1.3- Diselen-2-one, fragmentation, 72, 369 

1.3- Disilacyclobutanes, literature review, 73, 

354 

Disodium telluride, 71,116 

2.4- Distyryibcnzodiazepine, 71, 33 

2- (Disubslitutedamino)-4//-pyrimido[2,1 - 

а] isoquinolin-4-one, 73, 211 

3- (Disubstituted amino)-l 7/-pvrimido[ 1,2- 

fl]quinolin-l-ones, 73,209 
l-(Disubstitutedamino)-3//-pyrimido[ 1,2- 
fl]quinoline-3-ones, 73,226 
3-(Disubstituted amino)triazolo[4.3- 
c]pyrimidines, 72, 199 

2.3- Disubstituted benzodiazepines, 

hydrolysis, 71,25 

2.4- Disubstituted 1,5-benzodiazepinium 

cations, as indicators, 71,23 

1.2- Disubstituted 4-bromopyridazine-3,6- 

diones, reaction with sodium thiolates, 
75,201 

5.7- Disubstituted 4,7(6,7)-dihydro-l ,2,4- 

triazolo[l,5-rt]pyrimidines, 72,132 
tautomerism, 72, 162 

2.2- Disubstituled 1,3-dithiolane 1-oxides, 

fragmentation, 72,402 

9,9-Disubstituted an/tydra-4-hydroxy-2-oxo- 
2//-pyrido[2,l-6] [1,3]thiazin i urn 
hydroxides, affect of heat, 72,249 
«n/zyr/m-9.9-Disubstituted-4-hydroxy 2-oxo- 

6,7,8,9-tetrahydro-2//-pyrido[2,l- 

б] [l,3]thiazinium hydroxides, 72,267 
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3.5- Disubstituted 7-hydroxy-3//-l,2,3- 

triazolo[4,5-r/]pyrimidines, 71 , 74 

5.6- Disubstituted 4-hydroxy-3- 

trifluoromethylpyridazines, 75 , 175 

1.3- Disubstituted isobenzofuran, 73, 52 

5.7- Disubstituted 3-phenyl-l,2,3-triazolo[4,5- 

rf]pyrimidines, anticarcinogenic activity, 
71 , 102 

3,6-Disubstituted pyridazines, metalation, 75, 
195 

2,5-Disubstituted tetrazoles, matrix 
photolysis, 72 , 389 

yV.V’-Disubstituted thioureas, oxidation with 

1-chlorobenzotriazole, 75 , 57 

1.3- Ditelluraetanes, 71, 134 

1.3- Dithianes, synthesis and radical-cation 

transformations, literature review, 73, 
347 

l,3,4-Dilhiazol-2-thione, photolysis, 72 , 390 
Dithiiranes, literature review, 73 , 329 
2,2'-Dithiobis(2-methyl-2,3- 
dihydropyrido[ 1,2,3-de]-l .4- 
benzothiazinium) species, quantum 
chemical study, 71 , 155 

1.3- Dithiole-2-thione-4,5-dithiolate, organic 

chemistry, literature review. 73 , 339 

1.4- Di(l-thymyl)butane. 74 , 119 

1.4- Di( 1,3,5-triazin-1 -yl )benzene, 74 , 148 
Dolastin 10. synthesis, literature review, 73 , 

325 

Donor-acceptor complexes of iodine and 
imidazole, 75 , 2 
Dost’s base, 74 , 160 

Double ANRORC-type rearrangement, 74 , 
29, 173,187 

Duocarmycins, literature review. 73 , 318 
Dynamic NMR spectroscopic 
measurements, 74 , 203, 209 
Dynemycin A, 73 , 41 


E- and Z-isomers, 74 , 157,204,206,207,215 
Eleclrocyclic ring opening, 74 , 92,93,94 
6jt- and 87r-Electrocyclisation reactions, 73 , 
112 

7r-Electron deficiency, 74 , 17,69,71,80 
Electron density, 74 , 69,76 
Electron impact ionization, 72 , 364 
Electron repulsion, 74 , 44,143 
Electron transfer, 74 , 51 
Ellipticine, 73 , 41 


Enaminoacylamidines, transformation into 
4-pyrimidinones, 72 , 329 
/3-Enamino-\ 5 -phosphanes, reaction with 
dimethyl acetylenedicarboxylate, 72 , 
305,337 

Enaminophosphines, reaction with ethyl 
azidoformate, 72 , 337 
/3-Enaminophosphonates, formation of 
phosphonylpyridones, 72 , 323 
Enediyne antibiotics, literature review, 73 , 
319 

Enoxacin, synthesis, literature review, 73 , 319 
A^-Ethanoadenosinc, 74 , 177 
6-Ethoxalyl-l,2,3,5,7,8,9-octahydro-ll/f- 
pyrido[2,l-b]quinazolin-ll-one, 
tautomerisation, 73 , 189 
6-Ethoxalyl-5,7,8,9-tetrahydro-11 H- 
pyrido[2,l-b]quinazolin-l l-one, 
tautomerisation, 73 , 189 

3- Ethoxycarbonyl-2,3- 

dihydrobenzodiazepine. 71 , 29, 45 

2- Ethoxycarbony]-9,l()-dimethoxy- 

1,2,3,6,7,116-hexahydro-4//-pyrazino- 
[2,l-uJisoquinolin-4-one, 71 , 252 

4- (2-Ethoxycarbonylhydrazino)pyrimidines, 

cyclisation, 75 , 250 

3- Elhoxycarbonylmethyl-4- 

arylazomethylene-3,4-dihydro-l,2,3- 
benzotriazine, rearrangement. 75 , 150 
3-Ethoxycarbony!methyl-4-oxo- 
1.2.3,5.6,116 hexahydro-4//- 
pyrazino[2,l-a]isoquinolines, 71 , 247 
3-Ethoxycarbonylmethyl-3,5,6,7-tctrahydro- 
2T/-pyrido[ 1 ,23-de]-] ,4-benzoxazin-2- 
one, 71 , 167 

1 -Ethoxycarbonyl-2-methylthio-l ,4,5.6- 
tetrahydropyrimidine, reaction with 
hydrazine, 73 , 144 
2-Ethoxycarbonylmethyl-1,4,6- 
trimethylpyrimidinium salt, 
rearrangement with methylamine, 75 , 
110 

2-Ethoxycarbonylperhydropyrido[l,2- 
ajpyrazines, 71 , 195 

9-Ethoxycarbony]-8-phenyl-10/f-pyrido[l,2- 
njquinoxalines, 71 , 248 
6-Ethoxycarbonyl-2,3,5.6-tetrahydro-7/7- 
pyrido[1,2,3-<feJ-l ,4-benzoxazine-3,7- 
dionc, 169 

reaction with phenylhydrazine, 71 , 169 
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3- Ethoxycarbonyl-6,7,8,9-tetrahydro-4(//)- 

pyrido[ 1,2-u]pyrimidin-4-one, 74 , 97 
(2-Ethoxycarbonyl)triazolo[l,5- 
c]pyrimidine, 72 , 188 

2- Ethoxy-3,3-dimethyl-3,4,6,7,8,9- 

hexahydro-2//-pyrido[2,l- 

6][1 ,3|oxazinium chloride, ring opening, 

72 , 236 

4- Ethoxy-1 -ethylpyri midinium 

tetrafluoroborate, 74 , 98 
1 -Ethoxy-3,4,11,1 la-hexahydro-6//- 

pyrazino[l,2-f»]quinolin-4-one, 71 , 198 

l-Ethoxy-5-imino-5-picrylamino-3-aza-l,3- 
pentadiene, 75 , 143 
1 -Ethoxyisobenzofuran, 73 , 10 
reaction with quinones, 73 , 45 
4-Ethoxymethylene-2-phenyl-5(4//)- 

oxazolone, reaction with aminotriazoles, 

72 , 142 

6-Ethoxy-l -oxo-l/7-pyrimido[l,2- 

fl]quinoIine-2-carboxylic acid, 73,209 
l-[(o-Ethoxyphenyloxy)methyl]- 

perhydropyrido[2,1 -c][ 1,4]oxazin-4-one, 
71,210 

4-Ethoxy-2-phenylpyrimidine, 74 , 100 

1- Ethoxyphthalan, in preparation of 1,3- 

bis(trimethylsilyl)isobenzofuran, 

73 , 33 

3- Ethoxypyridazine, gas phase pyrolysis 

studied theoretically, 75 , 213 
3-Ethoxy-4//-pyrimido[2,l-a]isoquinolin-4- 
one, 73 , 250 

2- Ethoxythiocarbonyl-l-oxo-l//- 

pyrimido[l,2-a]quinoline, 73,225 
,\'-Ethyladenine, formation by 

rearrangement of 1-ethyladenine, 75, 
127 

1-Ethyladenine, reaction with hydroxide, 75, 
127 

Ethyl 7-allyl-l 0-methoxy-4-oxo-6,7-dihydro- 
4//-pyrimido[2,1 -o]isoquinoline-3- 
carboxylate, oxidation, 73 , 203 
Ethyl 10-amino-7-methyl-4-oxo-4-//- 
pyrimido[2,l-a]isoquinoline-3- 
carboxylate, reaction with phenyl 
isocyanate, 73 , 216 

Ethyl 5-amino-l-oxo-l//-pyrimido[l,2- 

a]quinoIine-2-carboxylate, preparation, 
73, 199 

6-(Ethylamino)-4-phenylpyrimidine, 74 , 103 


Ethyl 2,5-anhydro-6-0-benzoyl-D- 
allonodithioate, reaction with 2- 
hydrazinopyrimidine, 72 , 165 
Ethyl o-bromoacetylbenzoate, 72 , 83 

3-Ethyl-6-bromo-l,2,4,5-tetrazine. 74 , 85 
Ethyl ll-cyano-4-oxo-7,8,9,10-tetrahydro- 
4/Y-pyrimido[l,2-t>]isoquinoline-3- 
carboxylate, reaction with 
dimethylacetamide dimethyl acetal, 73 , 
205 

1- Ethyl-3-cyanopyridinium iodide. 74 , 196 
Ethyl 9,10-difluoro-3-methylene-7-oxo-2,3- 

dihydro-7//-pyrido[l,2,3-de]-l,4- 
benzoxazine-6-carboxylate, reduction, 
71 , 168 

Ethyl 7,8-dihydro-6-oxo-6//-pyrido[l ,2- 

а] quinazoline-8-carboxylates, 73, 240 
Ethyl 1,2-dihydro-l l-oxo-ll//-pyrido[2,l- 

б] quinazoline-2-carboxylates, 73 , 240 
Ethyl 1,6-dihydropyridazine-3-carboxylate, 

75 , 174 

Ethyl 10-(dimethylaminomethylene)-ll- 
cyano-4-oxo-7,8,9,10-tetrahydro-4/7- 
pyrimido[ 1,2-6]isoquinoline-3- 
carboxylate, 73 , 205 

cyclisation with hydrochloric acid, 73, 212 
Ethyl 5-(dimethylaminomethyiene)-5,6- 
dihydro-1 -oxo-1 //-pyrimido[ 1,2- 
fl]quinoline-2-carboxylate, 73, 210 
3-Ethyl-2,4-dimethyl-1,5-benzodiazepine, 
71,5 

Ethyl 4,6-dioxo-1,4-dihydro-6//- 
pyrimido[l ,2-6]isoquinoline-3- 
carboxylate, 73 , 255 

Ethyl a-ethoxycarbonylacrylate, reaction 
with aminotriazoles, 72 , 140 
Ethyl 9-fluoro-10-(2,6-dimethyl-4-pyridinyl)- 
3-methyl-7-oxo-l ,2,3.7- 
tetrahydropyrido[ 1,2,3-deJquinoxaline- 
6-carboxylate, 71 , 236 

2- Ethyl-l ,3,4,6,11,1 la-hexahydro-2//- 

pyrazino[l ,2-6]isoquinolin-6-one, 71 , 
243 

Ethyl 7-hydroxy-9-nitro-5-oxo-2,3-dihydro- 
5//-pyrido[l,2,3-de]-l,4-benzoxazine-6- 
carboxylate, 71 , 225 

Ethyl 2-hydroxy-4-oxo-4-//-pyrimido[2,l- 
a]isoquinoline-3-carboxylate, alkylation 
and acylation, 73 , 216 
molecular calculations, 73 , 186 
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Ethyl 3-hydroxy-l-oxo-l//-pyrimido[l,2- 

a]quinoIine-2-carboxylates, 73,247 

3- Ethyl-2-hydroxy-4/7-pyrimido[2,l- 

«]isoquinoline-4-one, 73,228 

4- V-Ethyl-7-hydroxy-l,2,4-triazolo[l,5- 

a] pyrimidine, 72,153 

l-Ethyl-4-imino-2-phenylpyrimidine, 74 , 100 
3-Ethyl-3-[2-(l-indolyl)ethyl]-2- 

piperidinethione, reaction with carbon 
suboxide, 72,251 
Ethyl /V-(i-isoquinolyl)-2,2- 
diethylmalonamate, 73,195 
Ethyl 2-(l-isoquinolinyl)-2,5- 

dihydroisoxazol-5-one, base catalysed 
rearrangement, 73,248 
Ethyl 2-(l-isoquinolinyl)-5-oxo-2,5- 
dihydroisoxazole-4-carboxylates,73, 

249 

Ethyl [l-(l-isoquinolinyl)-l,2,3,4-tetrazol-5- 
yl]acetate, 73,249 

Ethyl 10-methoxy-7-propyl-4-oxo-4//- 
pyrimido[2,l-«]isoquinoline-3- 
carboxylate. 73, 201 
3-EthyI-3-methyI-l,3,4,6,ll,lli>(S)- 
hexahydro[l ,4]oxazino[4,3- 
6]isoquinoline-l,4-dicne, hydrolysis, 71 , 
165 

Ethyl 2-methyl-4-oxo-4//-pyrimido[2,l- 
fl]isoquinoline-3-carboxylate, 73, 250 
Ethyl 7-oxo-2,3-dihydro-7//-pyrido[l,23- 
de\-\ ,4-benzothiazine-6-carboxylates, 

71, 232 

Ethyl 4-oxo-6,7-dihydro-4//-pyrimido[2,l- 
«]isoquinoline-3-carboxylates, 73,202 
Ethyl 4-oxo-2,3,4,6,7,8-hexahydropyrido[2,l- 

b] [l,3]oxazine-9-carboxylate, 72,261 
Ethyl 1 -oxo-17/-5-nitropyrimido[l,2- 

fl]quinoline-2-carboxylate, 73,209 
Ethyl 6-oxoperhydropyrido[2,l- 

c] [ 1,4]thiazine-4-carboxylate, 71 , 227 
Ethyl 1 -oxo-6-piperidino-17/-pyrimido[l,2- 

a]quinoline-2-carboxylate, anticoccidial 
activity, 73,259 

Ethyl 4-oxo-47/-pyrimido[2,l-«]isoquinoline- 
3-carboxylate, 73,200,202,228 
reduction, 73,201 

E thyl 1 -oxo-1 W-pyrimido[l ,2-<j]quinoline-2- 
carboxylate, hydrolysis, 73,194 
reaction with ammonia and hydrazine, 73, 
215 


Ethyl 2-(l-oxo-l //-pyrirnido) 1,2-«]quinolin- 
2-yl)acetate, 73 , 227 
Ethyl 4-oxo-7,8,9,10-tetrahydro-4//- 
pyrimido[l,2-6]isoquinoline-3- 
carboxylates, 73 , 221 
cis- 1 ,9a-H -1 -Ethyl perhydropyrido[2,l - 
c][l,4]oxazin-3-ones, conformational 
analysis, 71 , 152 

Ethyl 3-(2-quinolylamino)crotonate, flash 
vacuum pyrolysis, 73 , 224 
Ethyl 1 -(2-quinolinyl)-5-chIoropyrroiine-3- 
carboxylate, 73 , 227 
Ethyl 2-(2-quinolinyl)-5-oxo-2,5- 
dihydroisoxazole-4-carboxylates, 
reaction with sodium azide, 73 , 247 
Ethyl 8-substituted 9-amino-ll-oxo-ll//- 
pyrido[2,l-6]quinazoline-6- 
carboxylates, 73 , 239 

Ethyl 10-substituted 9-fluoro-3-methyl-7- 
oxo-2,3-dihy dro-777-py rido [1,2,3 -de]- 
1,4-benzothiazine-6-carboxylates, 71, 

231 

7-Ethyl-3-(l//-5-tetrazoyl)- 4 ll 

pyrimido[2,l-a]isoquinolin-4-one, 73, 
218 

6-Ethylthioperhydropyrido[2,l - 
6][l,3]oxazine, 72 , 262 
affect of heat, 72 , 239 
7r-Excessive character, 74 , 123 
1,3-Exoannular rearrangements, 74, 153,155, 
163,165,180,182,183 


Flash vacuum pyrolysis, 72 , 362 
Fluorenol, oxidation with 1- 
chlorobenzotriazole, 75 , 52 
Fluorinated 1-telluracydohex-3-enes, 71 , 142 
1-Fluorobenzotriazole, 75 , 9 
fluorine-19 AWK-spectra, 75 , 17 
stability, 75 , 20 

/V-Fluoro-l,4-diazoniabicyclo[2.2.2]octanes, 
as fluorinating agents, literature review, 
73,346 

l-Fluoro-3,5-dibromo-l,2,4-triazole, 75 , 10 
7-Fluoro-l\ 4 S 4 ,5 \ 4 8 2 ,3,7A 3 ,2,4,6,8- 
dithiaselenatelluratetra-azacinium 
pentafluorotellurate, 71 , 126 
7-(5-Fluoro-l//-indol-3-yl)methyl-2-(2- 
pyrimidinyl)perhydro[ 1,2-a]pyrazine, 
methylation, 71 , 202 
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5-Fluoromethyl-7-methoxy-l,2,4- 
lriazolo[l,5-fl]pyrimidinc-2- 
sulfonamides, as herbicides. 72, 169 
2-(5-Fluoro-4-methyllhio-2- 

pyrimidinyl)perhydro[l,2-«]pyrazines, 
reaction with Raney nickel, 71 , 202 
10-Fluro-7-oxo-2,3-dihydro-7//-pyrido[l,2,3- 
t/e]-l,4-benzoxazine-6-carboxylic acids, 
arylation, 71 , 194 

10-Fluoro-7-oxo-7W-pyrido[1.2.3-t/e]-l,4- 
benzoxazine-6-carboxylic acid, reaction 
with amines, 71 , 170 

2- p-FIuorophenyl-4-phenyl-8- 

chlorobenzodiazcpines, as 
antidepressants, 71 , 3 

3- Fluoro-6-phenylpyridazine, preparation, 

75,201 

2-Fluoro-4-phenylpyrimidine, 74 , 72 

2- Fluoro-4-phenylquinazoline, 74 , 55 

7-(4-Fluorophenylthio)methyl-2-(2- 

pyrimidinyl)perhydropyrido[l ,2- 
a]pyrazine, oxidation, 71 , 202 

3- Fluoro-5-phenyl-1,2.4-triazine, 74 , 72,74 
A'-Fluoropyridinium salts as fluorinating 

agents, literature review, 73,303,341 
Fluoroquinolone antibiotics, literature 
review. 73,319 

/V-Fluoroquinuclidiniuni salts, as fluorinating 
agents, literature review, 73 , 343 
9-Fluoro-10-substituted-7-oxo-2,3-dihydro- 
7tf-pyrido[ 1,2,3-rfe]-l,4-benzoxazine-6- 
carboxylic acid, reaction with 
sodiomalonates. 71 , 174 
9-Fluoro-3,5.6,7-tetrahydro-2/y-pyrido[ 1,2,3- 
zfe]-l,4-benzoxazine-3,7-dione, 
reduction, 71 , 167 

l-Fluoro-2,3,4,5-tetrakis(trifluoromelhylthio)- 
pyrrole, 75, 3 

fluorine-19 NMR- spectra, 75 , 17 
3-Formamidopyridinium salt, 74 , 198 
7-Formamido-3,5,6,7- tetrahydro-2/7- 

pyrido[ 1,2,3-de]-l ,4-benzoxazin-3-one, 
hydrolysis, 71 , 175 

7-Formamido-1,2,4-triazolo[l ,5-c]pyrimidin- 
5(6W)-one, 72, 187 

Formazancs. complcxalion reactions, 72 , 11 
5-(Formylamino)-4-[(/V-/!-aminoethyl)- 
formamidino]imidazole, 74 , 178 
7-Formylamino-2,3,5,6-tetrahydro-7//- 
pyrido[l,2,3-de]-l,4-benzoxazine-3,7- 
dione. 71, 169 


o-Formylbenzophenone, in preparation of 1- 
cyano-3-phenylisobenzofuran, 73, 17 

2- Formylbenzoyl radicals, intramolecular 

ring closure to 1-oxy-isobenzofuran 
radicals, 73,4 

3- Formyl-4-chloro-l ,6,7,116-tetrahydro[ 1,4]- 

thiazino[3.4-n]isoquinoline, 71 , 183 
Formylcyanonilropropenide salt, 74, 15 

5- Formyl-2(5/y)-furanone, from 2- 

(Diethoxymethyl)-2(3/7)-furanone, 73 , 
276 

3-Formyl-2-(methylamino)pyridine, 74, 196 

6- Formyl-2- nitro-6,7,8,9- tetrahydro-11/7- 

pyrimido[2.1-f>]quinazolin-l l-one, 73, 
206 

6- Foraiyl-l,2,3.5,7,8,9-octahydro-i;/7- 

pyrido[2,l-fi]quinazolin-11 -one, 
tautomerisation, 73, 189 

8- Formyloxy-8-melhylperhydropyrido[2,l- 

c|[l,4]thiazin-4-one, 71 , 228 
reduction. 71 , 181 

ra-8,9fl-//-8-Formyloxyperhydropyrido[2,1- 
c][l,4]thiazin-4-one, reduction, 71 , 181 

7- Formylperhydropyrido[l,2-n]pyrazines, 71 , 

205 

9- Formyltetrahydro-4//-pyrido[l,2- 

n]pyrimidin-4-one, spectroscopic 
investigations, 73 , 183 

6-Formy 1-5,7,8,9-tetrahydro-117/-pyrido[2.1 - 
6]quinazolin-l l-one, site of 
protonation, 73 , 180 

spectroscopic investigations, 73 , 183, 189 
tautomerisation, 73 , 183 
l l-Formyl-2,3,4.6- 

tetrahydro[l,3]thiazino|3,2- 
h]isoquinolin-6-one, reduction, 72 , 248 
Fragmentation process, 74 , 73 
Fredericamycin, total synthesis. 73 , 40 
Frontier orbital calculations, 74 , 30,31,99 
Fullerenes, 72 , 362 

Furan, shock tube thermolysis, 72 , 393 
literature review, 296,334 
Furan-3,4-dicarboxaldehyde, reaction with 
2,5-dimethoxytetrahydrofuran, 73 , 25 
reaction with active methylene 
compounds, 73 , 28 
2-Furanones, 72 , 294 

2(5//)-Furanones, SCF-MO calculations, 73, 
276 

1,3-dipolar cycloaddilions, 73 , 279 
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2(3//)-Furanones, SCF-MO calculations, 73, 
276 

thermolysis, 73,288 
triplet observation, 73,290 
Furan vinamidinium salts, reaction with 
hydrazines, 75,183 

2- FuranylpIatinum complexes, 72,17 
Furo[3,4-6]-l-benzofurans, preparation, 

73, 24 

Furo[3,2-6]benzothiophenes, 72, 83 
Furo[3,4-6]furans. preparation, 73,24 
Furo[3,4-/>]indoles, preparation, 73,26 
Furo[3,4-rf]isoxazolcs, 73,27 
Furoisoxazolines, 73,279 
Furo[3,4-rf]oxazolcs, 73,28 
Furo[3,4-g]phthalazines, preparation, 73,23 
Furo[2.3-6]pyridines, 72,84 
Furo[3.4-c]pyridines, 73, 16 
Furo[3,2-d]pyrimidine, 72, 81 
Furo[2,3-d]pyrimidin-4(3//)-imine, 75,120 
Furo[3,4-c]quinoline, preparation, 73,24 
Furof3,4-6]quinoxalines, MNDO 
calculations, 73,54 

Furo[3,4-r/]thiazoles, preparation, 73,28 
Furo[c]tropones, synthesis, 73,28 
Furo[c]tropylium salts, synthesis. 73, 28 
Furoxane, chemistry, literature review, 73, 
340 

Furoxan-furazan rearrangement, 74, 8 

3- (2-Furylmethylene)-5-aryl-2(3//)- 

furanone, Friedel Crafts reactions on, 

73, 281 

reaction with hydrazine hydrate, 73,285 
5-Furyl-2-substituted 1,4-dihydropyridazincs, 
75, 188 

2-(2-Furyl)-1,2,4-triazolo[ 1,5-«]pyrimidine, 
antioxidant enzyme inhibition, 72, 171 
Fused 5,6-dihydropyridines, synthesis, 72, 

311 


G 0 , G,, G 2 and G 3 graph, 74, 6,7, 
Gallacyclopentadienes, literature review, 73, 
357 

Gelsemin. synthesis, literature review, 73, 
317 

Germanylalkynes, in preparation of 
pyridazincs, 75, 183 
Glidobactin antibiotics, 75, 184 
Glutaconic dialdehyde, 74, 92 


9-Glycosyl-8-azahypoxanthines, 71, 91 

2- Glycosyl-l,2,4-triazolo[l,5-fl]pyrimidincs. 

72,166 

3- Glycosyl-l,2,3-triazolo[4,5-rf]pyrimidines. 

71, 91 

6-Glycosyl-l,2,4-triazolo[4.3-c]pyrimidin-5- 
ones, 75,255 

Guanidine. 74,142,144,148 
2-Guanidinoamino-6-methyl-1.4- 

dihydropyrimidin-4-one, cyclisation. 72, 
145 

Guanine, metal complexes. 72, 36 

2- (oi-Haloalkyl)-l,3,4,6,l 1,1 la-hexahydro- 

2//-pyrazino[ 1,2-6]isoq uinolinc-1,3- 
diones, 71,203 

N-Haloazoles, preparation, 75,2 
/V-Halobenzotriazoles, AW/?-spectra, 

75, 17 

6-Halogeno-4-phenylpyrimidines, 74, 36 

3- Halogeno-5-phenyl-l,2,4-triazine, 74, 149 
Halogenopyridazines, 74, 67 
6-Halogenopyrimidines, 74, 21,22 
Halogeno-1,2,4,5-tetrazines, 74, 67 
3-Halogeno-l,3,4,2,5-thiadiselenadiazolium 

cations, 71,121 

3-Halomethyl-2,3-dihydropy rido[ 1 ,2.3-cle]- 
1,4-benzoxazinium halides, 71, 212 
l-Halo-l/7-phophirenes, synthesis, literature 
review, 73,352 

3-Halopyridazines, reaction with stannanes, 
75,188 

Halopyridines, synthesis, literature review, 
73, 341 

3-Halopyridines, 74,9 
5-Halotriazolopyrimidines, reaction with 
butyllithium, 71, 80 

Hamaguchi-Ibata methodology, to prepare 
benzofurans, 73,25 
Hammett relation. 74, 126 
Hammet’s rr-values, 74, 156 
Heat of formation, 74, 30,31,201 
Heck reaction in heterocycles, literature 
review, 73,300 
Hector's base, 74,159 
Hemibrevitoxin B, synthesis, literature 
review, 73,326 

Heptaleno[l,2-c]furanones, preparation, 
73,28 
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Heptaleno[l,2-c]furans, 73,28 
Heptatrienyl anion, in 1,7-electrocyclisation, 
73,97 

Heptatrienyl-cycloheptadienyl 
rearrangement, 73, 97 

Hetarylferrocenes, literature review, 73, 300 
C-Hetarylglycosides, synthesis, literature 
review, 73,307 

Hetera-1,3,5-hexatrienes, thermal and 
photochemical 1,6-eiectrocyclic 
reactions, literature review, 73, 341 
Heteraryladamantanes, literature review, 73, 
300 

4-Heteroarylpyridazines, 75,190 
4-Heteroaryl-substituted pyridazinone, 75, 
188 

/V-Heterocycles, ring enlargement, literature 
review, 73, 310 

supramolecular self-organisation, 
literature review, 73, 310 
synthesis, literature review, 73, 309, 311 
Heterocyclizadon, 74, 220 
Heterocyclo[d][2]benzazepines, synthesis by 
ring closure, 73, 104 

Hetero Diels-Alder reactions in synthesis of 
nitrogen-containing natural products, 
literature review, 73, 311 
Heterofused dihydrobcnzoxazepines, 73, 

126 

Heterophanes, literature review, 73, 349 
2,3,4,6,7,U6-Hexahydro[l,3]oxazino[2,3- 
u]isoquinoline, 72, 257,263 
catalytic reduction, 72,229 
ring chain tautomerism, 72, 227 
IR spectra, 72,230 
ring opening, 72, 236 
reaction with cyanogen bromide, 72, 243 
i ,3,4,6,11,11 6-Hexahydro[l,4]oxazino[4,3- 
6]isoquinoIine-l,4-dione, 71, 216 

1.3.4.6.7.116- Hexahydro-[l,4]oxazino[3,4- 
u]isoquinolines, 71, 167 

alkylation, 71,168 

Hexahydro[l,3]oxazino[3,2-a]isoquinolines, 
UV spectra, 72, 229 

1,2,4,4n,5,6-Hexahydro[ 1,4]oxazino[4,3- 
a]isoquinolin-l-one, 71, 216 

1.3.4.6.7.116- Hexahydro[l,4]oxazino[3,4- 
a]isoquinolin-4-one, 71, 216 

l,3,4,6,7,116-Hexahydro[l,4]oxazino[3,4- 
u]isoquinolin-7-one, 71, 167,216 


1.2.4.40.5.6- Hexahydro[l,4]oxazino[4,3- 

а] quinoline, 71,167 

X-ray structure determination, 71,155 

2.3.4.6.11.1 la-Hexahydro-l//-pyrazino[l ,2- 

б] isoquinolines, conformation, 71,159 
/V-acylation, 71,194 

1.3.4.6.7.116- Hexahydro-2//-pyrazino[2,l- 
o]isoquinolines, conformations, 71, 159 

l,2,3,6,7,ll£>-Hexahydro-46/-pyrazino[2,l- 
ujisoquinolines, 71, 242,246 
formation of dimethiodide, 71,191 
(-)-l ,2,3,4,6,7-Hexahydro-l 1 b-H- 

pyrazino[2,l-a]isoquinoline, absolute 
configuration, 71,159 

1.3.4.6.11.1 lfl-Hexahydro-2//-pyrazino[l,2- 
6]isoquinoline-l,3-dione, 71, 241 

1,3,4,6,11,1 lu-Hexahydropyrazino[l ,2- 
6]isoquinoline-l ,4-diones, 71, 249 
Hexahydropyrazino[2,l -a]isoquinoline-1,4- 
diones, 71,251 

1.2.3.6.7.116- Hexahydro-4//-pyrazino[ 1,2- 
u]isoquinoline-3,4-diones, 71, 247 

1,3,4,6,11,1 la-Hexahydro-2//-pyrazino[l ,2- 
£>]isoquinolin-l-ones, oxidation, 71, 

196 

l,2,3,6,7,llf>-Hexahydro-4//-pyrazino[2,l- 
fl]isoquinolin-3-one, 71, 241 

1.2.3.6.7.116- Hexahydro-4//-pyrazino[2,l- 
u]isoquinolin-4-ones, reduction, 71, 189 

2,3,4,4a,5,6-Hexahydro-l//-pyrazino[ 1,2- 
n]quinolines, pK a ,71, 157 
NMR spectra. 71,162 
5,6fl,7,8,9,10-Hexahydro-6//-pyrazino[l,2- 
a]quinoxalin-6-one, 71, 242 
Hexahydropyridazine-3-carboxylic acid, 75, 
193 

as constituent of verucopeptin, 75,170 

1.2.3.4.40.6- Hexahydropyrido[l,2- 
aJ[3,l]benzoxazine, 72,255 

1.2.3.4.40.6- Hexahydropyrido[l ,2- 

а] [3,l]benzoxazin-6-one, 72, 255 
ring opening, 72, 235 

Hexahydropyrido[2,l-6][l,3]benzoxazin-ll- 
one, 72, 237 

1.3.4.6.11.116- Hexahydro-2//-pyridol 1,2- 

б] isoquinolines, A-alkylation, 71,192 

1.2.3.6.7.116- Hexahydro-4//-pyrido[2,l - 
a]isoquinolin-4-thione, 71,198 

Hexahydropyrido[2,l-6][l,3]oxazines, 72, 
260 
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1.3.4.6.7.8- Hexahydropyrido[2,l- 
c][l,4]oxazine-l,6-diones, reduction, 71, 
165 

3.4.6.7.8.9- Hexahydro-2tf-pyrido[2,1- 
h][l,3]oxazinium perchlorates, 72, 257 

hydrolysis. 72,234 

Hexahydropyrido[2,l-h][l,3]oxazin-4-one, 
72, 258 

(9aS)-2,3,4,6,9,9fl-Hexahydro-l«-pyrido[l,2- 
o]pyrazine-l,4-dione monohydrate, 71, 
163 

2,3,4,6,7,8-Hexahydro-l//-pyrido[l,2- 
u]pyrazin-l-one, 71,197 
2,3,4,6,9,9a-lW-Hexahydropyrido[l,2- 

ajpyrimidines, conformational analysis, 
71,161 

1.2.3.5.6.7- Hexahydropyrido[l, 2,3- 
dejquinoxaline, 71, 243,250 

1.2.3.5.6.7- Hexahydropyrido[ 1,2,3- 
rfe]quinoxaline-2.3-diones, 71, 242 

1.2.3.5.6.7- Hexahydropyrido[l ,2,3- 
r/e]quinoxaline-2,5-dione. 71, 237 

5,6a,7,8,9,10-Hexahydro-67/-pyrido[ 1,2- 

n] quinoxaline-6,10-dione, 71,237 
5,6a,7,8,9,10-Hexahydro-6//-pyrido[ 1.2- 

o] quinoxalin-6-one, bromination, 71, 

198 

2.3.4.6.7.8- Hexahydropyrido[2,l- 
6][l,3]thiazines, 72, 243 

2.3.4.6.7.8- Hexahydropyrido[2,l- 
6][l,3]thiazin-4-one, 72, 268 

alkylation, 72, 247 
Hexahydropyrimidines, 74,170 
2,3,4,6,7,llh-Hexahydro[l,3]thiazino[2.3- 

n] isoquinolin-4-ones, oxidation, 72,244 
1,3,4,6,7,116-Hexahydro[l ,4]thiazino[3,4- 

o] isoquinolin-4-one, NMR spectra, 71, 
156 

3.4.7.8.9.10- Hexahydro-2H,6H- 
jli3]thiazino[3,2-h]isoquinolin-6-one, 

72, 244.271 

5a,6,7.8,9,ll-Hexahydro[l,3]thiazino[3.2- 
h]isoquinolin-l l-one, 72, 248 
l,3,4,6,7,lla'.s-Hexahydro[l,4]thiazino[3,4- 
n]isoquinolin-4-one, 71, 228 
oxidation, 182 

l,2,4,4«,5,6-Hexahydro[l,4]thiazino[3,4- 
ojqutnolin-1,4-dionc. 71, 229 

2.3.5.6.7.8- Hexahydro-l,2,4-triazolo[4.3- 
oJpyrimidin-3-ones, 73, 144 


Hexahydro-2,4,6-tris(imino)-l,3,5-trimethyl- 

1.3.5- triazine, 74, 172 
Himastatin, 75,169 
Homotetrazole aromaticity, 74, 84,85 
Hydrazination, 74, 68,84,120 

2-Hydrazino-4-amino-5-cyano-6- 

phenylpyrimidine, conversion to 5- 
phenyl-6-cyano-7-aminotetrazolo[l,5- 
ajpyrimidine, 72, 203 
5-Hydrazino-7-amino-1,2,4-triazolo[ 1,5- 
c]pyrimidines, retro-Dimroth reaction, 
75, 97 

Hydrazinodeamination, 74, 85 
Hydrazinodehalogenation, 74, 67,68,85 
Hydrazinodehydrogenation, 74, 81,82 
Hydrazinodemethylthiolation, 74,110 
Hydrazinolysis, 74, 45 

2- Hydrazino-6-methylpyrimidin-4-one, 

cyclisation with formic acid, 73, 140 
reaction with phenyl benzoate, 73,148 
reaction with formic acid, 73, 152 
5-Hydrazino-7-methyl-5-1,2,4-triazolo[4,3- 
cjpyrimidine, 75, 269 

4- Hydrazino-2-phenylthieno[2,3- 

rfjpyrimidine, reaction with 
triethylorthoformate, 75, 95 

3- Hydrazinopyridazines, conversion to 

amines, 75, 207 

Hydrazinopyridazine drugs, literature 
review, 73, 323 

5- Hydrazino-3(2W)-pyridazinones, reaction 

with dimethyl acetylenedicarboxylate, 
75, 207 

3- Hydrazino-6( 1 //)-pyridazinone, reaction 

with ribofuranoses, 75,200 
2-Hydrazinopyrimidine, reaction with ethyl 

2.5- anhydro-6-0-benzoyl-D- 
allonodithioate, 72,165 

in synthesis of 1,2,4-triazolopyrimidines, 
73,133 

reaction with ortho esters, 75, 90 
4(6)-Hydrazinopyrimidines, condensation 
with aryl aldehydes, 75, 245 
reaction with carboxylic acids, 75, 247 
reaction with ethyl chloroformate, 75, 

250 

4- Hydrazinoquinazoline, reaction with 

orthi 7-esters, 75, 97 
Hydrazinotetrazines, 74,81 

6- Hydrazino-l,2,4,5-tetrazines, 74, 85 
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5-Hydrazino-l ,2.3-thiadiazoIe, formation, 75, 
146 

4- Hydrazinothieno[2,3-rf]pyrimidine. 

reaction with tricthylorthoformate. 

75,95 

1 -K-5- Hy drazino-1 H- 1,2.3-lriazolc, 74,156 

2-Hydrazono-3.4-dihydro-2/7-l,3- 

benzothiazin-4-one, healing with ortho¬ 
esters, 75,99 

2- Hydrazonohexahydropyrimidine 

hydroiodide, reaction with phenyl 
isothiocyanate. 72,174 
Hydride transfer, 74, 32 
/3-Hydrocarbolines. 72,288 
Hydrofurans, literature review. 73,334 

3- Hydroxyacrylonitriles. 72,81 
2-Hydroxy-3-aminopropylazide, precursor to 

azaadenines, 71, 75 
2-Hydroxybenzo[b]carbazolc, 72,290 

5- Hydroxybenzofurans, 72,296 

2- (u-Hydroxybenzyl)-jV,jV- 

dicthylaminobcnzamide, 73,19 

3- Hydroxybenzylidenebenzodiazepine, 71,48 

1- Hydroxy-3-[2,2-bis(methoxycarbonyl)- 

ethyl]-l .2,3.6,11.11 n- hexahydro-4 H- 
py razino[ 1.2-5 ] isoquinoli n-4-one, 
formation of tetracyclic compounds, 71, 
199 

4- Hydroxybulanal. equilibration with 2- 

hydroxylctrahydrofuran, 72,367 

2- Hydroxy-3-cyanothiophenes. 72,83 
(Hydroxycycloalkcnyl)- 

formylaminopyrimidines, 75,153 
2,4-6/s(2-Hydroxy-l-cycloalkenyl)-l,3,5- 
triazines, 75,153 

2-(cis-l ,4-//-4-Hydroxycyclohexylcarbonyl)- 
1.3.4,6,7,11 h-hexahydro-2/7- 
pyrazino[2.1-o]isoquinolin-2-one. 
conformations, 71,158 
2-(ris-l,4,-//-4-Hydroxycyclohexylcarbonyl)- 
1,2,3,6,7,116-hexahydro-4/7- 
pyrazino[2,l-n]isoquinolin-4-ones. solid 
state structure, 71,163 
Hydroxydechlorination, 74, 14,15,16,59 

7- Hydroxy-2,3-dihydro-5-oxo-5/7- 

pyrido[l ,2.3-de\-\ ,4-benzothiazine-6- 
carboxylic acids, conversion to amides, 
71,186 

8- Hydroxy-3.4-dihydro-9o//-pyrido[1.2- 

njpyrazine. 71,251 


9-Hydroxy-5,6-dihydro-8//-pyrido[ 1,2- 

n]quinoxalin-8-one hydrochlorides, 71, 
244,252 

9-Hydroxy-2,3-dihydro-2//-pyrido(2.1 - 
/;)! l,3)thiazinium bromide, 71,232 
9-Hydroxy-3.4-dihydro-2//-pyrido[2.1 - 
6][l,3]thiazinium bromide, hydrolysis, 
72,249 

preparation from 3-hydroxypyridine- 
2(l//)-thione, 72, 266 

3- Hydroxy-3,4-dihydro-2f/-pyrido[2,l- 

5] [l,3]thiazin-5-ium chloride, 72, 264 

4- Hydroxy-3,4-dihydro-2//-[l,3]thiazino[2,3- 

«]isoquinolinium perchlorates, 72, 265 
3-Hydroxy-2,3-dimethylperhydropyrido[l,2- 
«]pyrazine-l,4-diones, reaction with 
ethanethiol, 71, 198 

preparation from pipecolinic acid, 71, 249 

2- Hydroxy-5,7-dimethylpyrazolo[l,5- 

u]pyrimidine, rearrangement, 75, 85 
6-Hydroxy-3,10-dimethyl-3,5,6.7- 

tetrahydro-2//-pyrido[ 1,2,3-de] -1,4- 
benzoxazine, 71,223 
thermolysis, 71,170 

3- Hydroxy-1,3-diphenyl-3,4- 

dihydropyrido[l,2-tf]pyrazinium 
bromide, 71,238 

2-(2-Hydroxyethoxymethyl)-8-hydroxy- 
l,2,4-triazolo[l,5-c]pyrimidine, 72, 190 

1- (2-Hydroxyethyl)-9,10-difluoro-7-oxo- 

1,2,3,7-pyridof 1,2,3-r/e]quinoxalinc-6- 
carboxylate, 71,251 

2- (2-Hydroxyethyl)-1,2,3,6,7,115-hexahydro- 

4/f-pyrazino[2,l-u]isoquinoline, 71,207 

1- (Hydroxyethyl)-2-hydroxymethyl-3,4,5- 

trihydroxypiperidines, 71, 164 

3- (/3-Hydroxyethyl)-7-methyl-1,2,4- 

triazolo[4,3-n]pyrimidin-5-one, 73, 143 

2- [2-( 1 -Hydroxyethyl)piperido]acetic 

phenylhydrazide, 71, 164 
2-[(2-Hydroxyethyl)thiomethyl]quinolines, 
181 

1 -(2-Hydroxyethyl)triazolo[4,3- 
cjpyrimidines, 72,197 
5n-Hydroxyhexahydropyrido[2,1 - 

6] [ 1,3]benzoxazin-11 -one, reaction wi th 
acetic anhydride, 72,237 

5«-Hydroxy-5fl,6,7,8,9,l 1 -hexahydropyrido- 
[2,1 -6][l,3]benzoxazin-11 -one, 
polarographic behaviour, 72, 226 
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l-Hydroxy-l,3,4,6,11,lla-hexahydro-2//- 
pyrazino[l ,2-6]isoquinolin-4-ones. 71, 
241 

3- Hydroxyimino-2,4-dimethylbenzodiazepine, 

preparation and hydrolysis, 71,47 

5-Hydroxy-4-iminomethyI-l ,2,3-triazole, 74, 
193 

8-(and 9-)Hydroxyiminoperhydropyrido[2,1- 
c][1.4]oxazines, reduction, 71,166 
5-Hydroxyindoles. 72,290 

1- Hydroxyisoguanine, 74,176 
[Hydroxyl(tosyloxy)iodo]bcnzene, in 

synthesis of heterocycles, literature 
review. 73, 304 

5- Hydroxy-3-mercapto-7-phcnyl-l,2,4- 

triazolo[4,3-a]pyrimidine, reaction with 
aniline, 73, 162 

4- Hydroxy-2-methylaminopteridine, 75,137 

3- Hydroxymethyl-2,3-dihydro-5/7- 

pyrido[ 1.2,3,-r/e] 1,4-benzoxazine-5-one, 

71, 212 

(S)-9-Hydroxy-6-methyl-3,4-dihydro-2//- 
pyrido[2,l-6][l,3]thiazinium-4- 
carboxylate, UV and CD curves, 233 
'H NMR and optical rotations, 72, 234 

4- Hydroxymcthylene-5-oxazolone, 74, 

183 

6- Hydroxymethyl-2-methyl-7-methoxy- 

l.2.3,4-tetrahydro-6//-pyrazino[l,2- 
«]isoquinolin-4-one, 71, 250 
(2S)-2-Hydroxymethyl-9- 

methy!perhydro[2,l-6][l,3]oxazine, 
molecular mechanics calculations, 72, 

229 

(2S,5R,9ffS)-c7.v-2,9«-//-2- 

Hydroxymethylperhydropyrido[2,l- 
6][1,3]oxazine hydrochloride, crystal 
structure. 72,233 

di-2.9(i-/7-2-Hydroxymethylperhydropyrido- 
[2.1-6][l,3]oxazine hydrochloride,pK a , 

72, 227 

2- Hydroxymethylperhydropyrido[2,l- 

6][l,3]oxazine, 72,261 
alkylation, 72,239 

3,6-Wr(Hydroxymethyl)pyridazine, 75,184 
1 -Hydroxy-3-mcthylpyrido[l ,2-aJpyrazinium 
bromide, 71,245 

rran.s-7,9u-7/-7-Hydroxymethyl-2-(2- 
pyrimidinyl)perhydro[l,2-(j]pyrazine, 
resolution, 71, 209 


7-Hydroxymethyl-2-substituted 

perhydro[ 1,2-«]pyrazines, conversion to 
7-[(het)aryloxy]methyl derivatives, 71, 
201 

5-Hydroxy-7-methyl-1,2,4-triazolo[4,3- 
cjpyrimidine, bromination, 75,268 

2- Hydroxy-nitrogen heterocycles, 

complexation reactions, 72, 10 
7-Hydroxy-6-nitrotriazolopyrimidines, 72, 
150 

7- Hydroxy-5-oxo-2,3-dihydro-577- 

pyrido[l ,2,3-zfe]-l ,4-benzothiazine-6- 
carboxylates, 71,232 
1 -Hydroxy-3-oxo-3,4-dihydropy rido [1,2- 
aJpyrazin-5-ium betaine, heating, 71, 

187 

anhydro-4-Hydroxy-2-oxo-2H-pyrido[2,l- 
/)][l,3]thiazinium hydroxides.72, 267 
un/iV(/ro-4-Hydroxy-2-oxo-6,7,8,9- 
tetrahydro-2//-pyrido[2,l - 
h\ 1,3]thiazinium hydroxides, dipolar 
cycloaddition, 72, 251,267 
c(.v-8,9u-//-8-Hydroxyperhydropyrido[2,l- 
c][l,4]oxazin-4-one, silylation, 71,177 

8- Hydroxypcrhydropyrido[l,2-c]pyrazine, 

71,188 

l-Hydroxy-2-phenyl-5-benzylimino[4- 

(dialkylamino)phenyl]methylimidazole, 
72,150 

l-Hydroxy-2-phenylindolc, oxidation with I- 
chlorobenzotriazole, 75, 63 
Hydroxyphenylisobenzofuran. 73,20 

3- (o-Hydroxyphcnylmethylene)-5-aryl- 

2(3//)-furanones, rearrangement. 73, 
284 

3- [(4-Hydroxyphenyl)methyl]-l,3,4,6.11,11»- 

hexahydro-2/7-pyrazino[l,2- 
f>]isoquinoline-l,4-dione, 71,240 
conformational analysis, 71,161 
X-ray structure, 71,163 
1 -(2-Hydroxyphenyl)-2-oxo-1,2- 

dihydropyridine-4,5-dicarboxylate, 71, 
180 

/V-(3-Hydroxy-3-phenylpropyl)-1 -oxo- 
1,2,3,4-tetrahydroisoquinoline, 72, 254 
iV-(3-Hydroxy-3-phenylpropyl)-l,2.3,4- 
tetrahydroisoquinoline, oxidation, 72, 
254 

4- (o-Hydroxyphenyl)-3(2//)-pyridazinones, 

75, 181 
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1 -Hydroxy-3-phenylpyrido[l ,2-a]pyrazinium 
bromide, 71,180,245 

l-Hydroxy-4-phenyl-8-substituted 

perhydropyrido[2,l -c] [1,4]oxazines, 
oxidation, 71,176 

1-Hydroxyphthalan, 73, 9 
(2S,3S)-3-Hydroxypipecolic acid, 71,164 
(3R,5R)-5-Hydroxypiperazic acid, 75, 169 
(V-(3-Hydroxypropyl)-5-aminopentanol, 
cyclisation, 72, 263 

cix-2,6-//-l,(3-Hydroxypropyl)-2-butyl-6- 
alkylpiperidines, 72,236 
1 -(3-Hydroxypropyl)-3,5- 

dimelhylpiperidine, oxidation, 72, 254 

1- (3-Hydroxypropyl)-3,5-dimethyl-2- 

piperidone, 72, 254 

/V-(3-Hydroxypropyl)glutarimide, 72,235 

2- (3-Hydroxypropyl)-7-methoxy-l,2,3,4- 

tetrahydro-8//-pyrido[l,2-«]pyrazin-8- 
one, acylation, 71,202 

2- (3-Hydroxypropyl)perhydroisoquinol-3- 

onc, 72, 235 

1 -(3-Hydroxypropyl)-2-piperidone, 72,235 

3- Hydroxypyridazine, isolated in argon 

matrix, 75, 214 

4- Hydroxypyridazines, 75,172 
4-Hydroxy-3(2//)-pyridazinones, 75, 173 

4- Hydroxypyridazine-l-oxide, 

tautomerisation, 75,215 

5- Hydroxypyridazine-l-oxide, 

tautomerisation, 75,215 

3-Hydroxypyridine-2(l//)-thione, reaction 
with l-bromo-3-chloropropane, 72,266 

6- Hydroxy-3-(pyridin-4-yl)-5,6,7.8- 

tclrahydro-l,2,4-triazolo[4,3- 
o]pyrimidine. X-ray crystallography, 73, 
169 

5-Hydroxypyrido[2,1 -£>][ 1,3Jbenzothiazin-l 1 - 
one, 72, 266 

3-Hydroxypyrido[l,2-fl]pyrazinium chloride, 
'71, 245 

2-Hydroxy-3-(2-pyridylthio)propyl chloride, 
cyclisation, 72, 264 
8-Hydroxyquinohnes, complexation 
reactions, 72, 11 
indium complexes, 72, 43 
8-Hydroxyselenoquinoline, gold complexes, 
’72,44 

2-Hydroxytetrahydrofuran, equilibration 
with 4-hydroxybutanal, 72, 367 


4-Hydroxy-2,3,4,5-tetrahydropyridazine-3- 
carboxylate esters, 75, 168 

7-Hydroxy-3,5,6,7-tetrahydro-2//- 

pyrido[l,2,3-<le]-l,4-benzoxazin-3-one, 
acetylation, 71, 169 
4«-Hydroxy-2,3,4,4a tetrahydro-1 H- 

pyrimido[l ,2-a]quinolines, heat with 
aluminium oxide, 73,194 

2- Hydroxy-2,3,4,6- tetrahydro[l,3]thiaz,ino- 

[3,2-6]isoquinolin-6-one reaction with 
acids, 72,247 

3- Hydroxy-2,3,4,6-tetrahydro[l,3]thiazino- 

[2,3-a]isoquinolin-6-one, reaction with 
cone, sulfuric acid, 72,245 

2- D-Hydroxy(lV-tosylamino)azoles, as 

chelates, 72, 39 

3- Hydroxy-l,2,4-triazolo[3,4-6][l,3]- 

benzothiazin-5-one, 75,100 
7-Hydroxy-l,2,4-triazolo[l,5-a]pyrimidines, 
chlorination, 72,147 
alkylation, 72,153 

2- Hydroxytriazolo[ 1,5-c]pyrimidines, 

methylation, 72,194 

5(7)1 Iydroxytriazolo[4,3-u[pyrimidines, use 
in photographic materials, 72, 184 
7-Hydroxy-1,2,3-triazolo[4,5-f/]pyrimidine, 
reaction with phosphorus pentasulfide, 
75, 87 

3- Hydroxy-3-(l,2,4-triazol-3-yl)- 

cyclohexylphosphonic acid, herbicide, 
literature review, 73, 323 
9-(l-Hydroxy-l-trifluoromethyl-2,2,2- 
trifluoroethy[)-2,3-dihydro-5i/- 
pyridoj 1,2.3-rf<?] l,4-benxotltiazin-4 
ones, alkylation and acylation, 71,187 
ir-Hypervalent S lv , 208 
Imidazo-l,3,2-diazaphosphorines. 72, 114 
Imidazo[2,l-a]isoquinolines, via flash 
vacuum pyrolysis, 73, 249 
Imidazole, 74, 65 
complexes with metals, 72,26 
literature review, 73, 337 
iV-[4-(l//-Imidazol-l-yl)butyl]-2-(2-propyl)- 
11-oxo-1 l//-pyrido[2,l-6Jquinazoline-8- 
carboxanmle. antiallergic, 73,180 
Imidazo[l,2-a]pyrazine, rearrangement, 

75, 83 

Imidazo[ 1,2-a]pyridines, 72, 323 
Imidazo[3,2-n]pyridines. synthesis. 72, 323 
Imidazopyridinylmelhylphosphonium salts, 
rearrangement, 75, 83 
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Imidazo[l,2-<rt]pyrimidines, 72,323 
synthesis from enediaminonitriles, 72,330 
rearrangement, 75,83 
Imidazo[l ,2-c]pyrimidine, rearrangement, 
75, 83 

6-Imino-8-azapurines, 74,176 

2-Iminobenzoyl-3-cyanamino-5,6- 
diphenylpyrazine, 74,63 
6-Imino-8-(4-bromophenyl)-2,3,4,6- 

tetrahydropyrido[2,l-6][l,3]thiazine-7- 
carbonitrile, hydrolysis, 72,248 

2- Imino-3-/3-carboxyethy]-2,3-dihydro-4- 

oxopteridine, 74,175 
Iminodeethoxylation, 74,98,100 
11-Imino-1,3-dichloro-l lH-pyrido[2,l- 
bjquinazoline, 73,235 

1- Imino-l,4-dihydropyrido[l,2-a]pyrazin-5- 

ium bromide 2-oxide, 71,249 

3- (2-Imino-1,2-dihydro-l- 

quinolinyl)propionic acid, 73,193 

5- Imino-],2,4-dithiazolidine-3-thiones, 

rearrangement, 75, 149 
orr/iolminomethylenebenzylcyanide, 74,19 

4- IminomethyI-l-phenyl-1,2,3-lriazoles, 74, 

191 

2- Imino-l-methyIpyridine, 74,163 
2-Imino-4-oxodihydro-5,6-benzo-l,3- 

thiazines, rearrangement, 75,140 
9-Imino(oxo)-7-nitro-4,9- 

dihydrotriazolopyridopyrimidine, 72,151 
2-Imino-4-oxazolidones, synthesis, literature 
review. 73,338 

Iminophosphorines, reaction with 
isocyanates, 72,325 

Iminopyrazolo[3,4-r/]pyrimidines, 74,176 
4-Imino-47/-pyrido[l,2-a]pyrimidine-3- 
carbonitrile, tautomerism, 73,181 
4-Imino-4/7-pyrimido[2,l-o]quinoline-3- 
nitrile, 73,243 

6- Imino-2,3,4,6-tetrahydro[l,3]thiazino[3,2- 

b]isoquinoline-l 1-carbonitrile, 72,265 
4-R-5-Imino-1.2,4-thiadiazoline, 74,159 
6-Imino-l,3-lhiazine, formation and 
rearrangement, 75,140 
Iminolhiazolopyrimidine, rearrangement, 75, 
135 

/V-Iminoylide. 74,104 
Immobilization, 74, 89 
lndacyclopentadienes, literature review, 73, 
357 


Index of aromaticity, applied to 
isobenzo[c]furans, 73, 3 
Indoles, literature review, 73, 333 
Indolizidines, literature review, 73, 333 
Indolizines, 73,121 

Indolo[l,2,3-yi/]-l,5-naphthyridine, literature 
review, 73,317 

Indoloquinazolidines, general review, 
literature review, 73,345 
Indolo[3,2-6]quinolines, synthesis, 72,323 
Indolylallenes, 73,115 
Indolylenamines, transformation to 
-y-carbolines, 72,319 

2- [2-(3-Indolyl)ethyl]perhydropyrido[l,2- 

a]pyrazine-l,3-dione, 71,243 
reduction, 71,191 

3- Indolylpyridazine, preparation, 75, 202 
6-(l//-Indol-5-yI)-3(2//)-pyridazinones, 75, 

188 

Indoxyl, transformation to pyrrolo[1.2- 
a]indoles, 72, 291 

Inorganic P-heterocycles, literature review, 
73, 352 

Inosine-5'-monophosphate dehydrogenase, 
as chemotherapeutic target, literature 
review, 73,322 
Interchange. See Degenerate 
rearrangements 

Interconversion. See Degenerate 
rearrangements 

Intermolecular cycloaddition, 74, 117 
Intermolecular migration, 74,57 
Intermolecular transfragment reaction, 74, 
131,135,136,137,139,142,144 
Intramolecular hydrogen bonding, 74, 40,85, 
114,192 

Inverse Diels-Alder cycloaddition, 74, 139, 
141,142 

V-Iodobenzimidazole, preparation, 75,7 
stability, 75, 20 
protonation, 75,22 
1-Iodobenzotriazole, 75,10 
stability, 75,21 
Iodocubane, oxidation with 

1-chlorobenzolriazole, 75,63 
Iodolactonization, literature review, 73, 

312 

1 -Iodo-3-nitro-5-methyl 1,2,4-triazole, 
preparation, 75,13 

3-Iodo-4-phenyl-l,2,4-triazine, 74,72 
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2-Iodophosphabenzenes. complexes with 
tungsten, 72,22 

lodopyrimidinyl radical anion, 74,23 
A'-Iodotriazoles, 75,9 
thermal rearrangement, 75,24 
A-Iodo-1,2,4-triazoles, rearrangement to 
3-iodo- 1,2,4-triazole, 75,27 
1 -Iodo-2,4,5-trisubstituted imidazoles, 
synthesis, 75,7 

1- Iodo-3,4,5-trisubstituted pyrazoles, 

synthesis, 75,6 
Irradiation, 74,119,120,204 
lsobenzofuran, reaction with cyclopropene, 
73,49 

pKa value, 73,51 
mass spectra, 73,60 
Isobenzofuran-5,6-dicarboxaldehyde, 
preparation, 73,25 

Isobenzofuran-4.7-diones, as precursors of 
isobenzofurans, 73,23 
[2,2](4,7)-Isobenzofuranophane, 
preparation, 73, 36 

Isobenzofuro[5,6-r/]tropones, preparation, 
73, 28 

Isobenzo[5,4-<f]tropones, preparation, 73, 23 
(3S,9aR)-3-Isobutylperhydropyrido[l,2- 
a]pyrazine-l,4-dione, 71,163 
10-Isobutyryloxy-6,7-dihydro-4-oxo-4//- 
pyrimido[2,l-fl]isoquinolin-3-carboxylic 
acid, 73, 218 
Isocyanates, 74,213 
Isocytosinc, 74, 142,143 
Isoellipticine, 73,41 
Isoindoles, literature review, 73,333 
Isomerization. See Degenerate 
rearrangements 
Z/E isomerizations, 157 
Isomunchnones, cycloaddition reactions, 
literature review, 73, 336 
Isopropyl 2-acetyl-o-fluorocinnamate, 
reaction with aminotriazoles, 71,60 

2- Isopropyl-8-bromo-l 1 //-pyrido[2,l - 

/jjquinazoiin-l l-one, 73,235 

3- Isopropyl-4,5,6-rert-butylpyridazine, 

photolysis, 75,211 
X-ray crystallography, 75,218 

l-Isopropylidene-2,2-dimethylcyclopropane, 
72, 376 

3-Isopropylidene-2,2-dimcthylthiirane, 
formation, 72, 378 


11 b-Isopropyl-2-methoxy-3,4-diphenyl- 
2,6,7,11 b-tetrahydro[l,3]thiazino[2.3- 

a] isoquinoline, X-ray crystallography, 
72,234 

as-3-Isopropyl-9a-methylperhydropyrido- 
[1.2-a]pyrazine-l,4-dione, 71,203 

2- Isopropyloxazolidines, fragmentation, 72, 

384 

8-Isopropyl-11 -oxo- ll-//-pyrido[2,l 

b] quinazoline-2-carboxylic acid, 73, 212 
(3S,9aS)-3-Isopropylperhydropyrido[l,2- 

a]pyrazine-l,4-dione, 71, 163 

3- Isopropylperhydropyrido[l,2-a]-pyrazine- 

1,4-dione, racemisation, 71,159 
Isopyoverdin, hydrolysis, 73,254 

1- (5-Isoquinolinesulfonyl)hexahydro-l,4- 

benzodiazepine, protein kinase 
inhibitor, literature review, 73, 321 

2- (l-Isoquinolinyl)-2,5-dihydroisoxazol-5- 

ones, ring transformation, 73, 248 
Isoselenocyanate, 74, 212 
Isothiocyanates, 74, 213 
Isoxazoles, metal complexes, 72, 30 
fragmentation, 72, 396 
literature review, 73, 337 
Isoxazolidine, 73, 121 

Isoxazolo[3,4-<f]pyridazines, ring cleavage of 
isoxazole ring, 75,185 
Isoxazolo[4,5-<f]pyridazines, ring opening, 
75, 185 


(-)-a-Kainic acid, literature review, 73, 324 
Keten-5,/V-acetals, in preparation of 2,4- 
diaminothiophenes, 72, 98 
Ketene dithiolates, in preparation of 

3-aminothiophenes, 72, 96 
/3-Ketoesters, reaction with hydrazoncs, 75, 
185 

Kinetic versus thermodynamic control, 74, 
18,23,31,48,93,99 
Kinetics of 

aminodenitration of 1,4-dinitroimidazole, 
74,125,126 

isomerization of l-aryl-5-amino-4-phenyl- 
1,2,3-triazole, 74, 156 

rearrangement of l,2-dihydro-2-imino-l,4- 
dimethyl pyrimidine, 74, 168 

rearrangement of 4-dimethylamino-2- 
imino-1-methyl-1,2- 
dihydropyrimidine, 74, 166 
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rearrangement of 4-amino-5-nitro-6- 
iminopyrimidine, 74,166 
rearrangement of 4-dimethylamino-5- 
nitro-2-imino-l-methylpyrimidine, 74, 
166 

ring opening of 2-amino-3-methylpteridin 
4(3 H) one anion, 74, 174,175 


0-Lactams, from 1,3- thiazolidin-4-one 1,1- 
dioxides, 72, 370 

in synthesis of peptides, literature review, 
73,314 

literature review, 73, 330 
y-Lactones, literature review, 73, 335 
Leaving group mobilities, 74, 39 
Levofloxacin, physicochemical properties, 
71,149 

Lewis acids, 74, 161 

Liquid ammonia-potassium permanganate, 
74, 16 

1 -Lithioisobenzofuran, 73, 52 
2,6-Lutidine, molybdenum complexes, 72, 23 
Luzopeptin A, antibiotic and antitumour 
agent, 75, 183 
Luzopeptins, 75, 168 


Macrocyclic peptides, synthesis, literature 
review, 73, 315 

Macrolide pheromones, literature review, 73, 
328 

Macrolides, literature review, 73, 319 

Maitotoxin, synthesis, literature review, 73, 
326 

Manzamine A, total synthesis, literature 
review, 73, 316 

Matlystatins A,B,D,E and F, 75,169 

Meisenheimer adducts, 74,134 

Melatonin, chemistry, literature review, 73, 
323 

5-Mercapto-l-aryl-4-acyl-l ,2,3-triazole, 75, 
147 

2-Mercaptoazoles, reaction with metal salts, 
72, 39 

2-Mercaptobenzothiazole, zinc salt, 72,41 
polymeric cadmium complex, 72,42 

2-Mercaptobenzoxazole, complexes with 
gold, 72,41 

l-(2-Mercaptobenzoyl)-2-piperidinone, 
isomerisation, 72, 233 


2-Mercapto-2-methyl-2,3- 

dihydropyrido[ 1,2,3-r/eJ-1,4- 
benzothiazinium salt, 71, 228,231 
2-Mercapto-l -methylimidazole, complexes 
with gold, 72,41 

2-Mercapto-nitrogen heterocycles, 
complexation reactions, 72,10 
2-Mercaptopyridine, iridium salts, 72, 39 
copper complexes, 72, 43 

2- Mercaptopyrimidines, reaction with 

acylhydrazines, 73,141 
8-Mercaptoquinolines, complexation 
reactions, 72,11 
indium complexes, 72, 43 
8-Mercaptotheophilline, complexes with 
gold, 72, 41 

Mercaptotriazolobenzothiazine, 75, 100 

3- Mercapto-l,2,4-triazolo[4,3-fl]pyrimidines, 

desulfurisation, 73,165 

2- Mercapto-l,2,4-triazolo[4,3-c]pyrimidine, 

5-alkylation, 75, 266 

3- Mercapto-l,2,4-triazolo[4,3-c]pyrimidine, 

hydrolysis, 75, 264 

Meropenem, literature review, 73, 318 
Mesitylene complex of molybedenum and 
tungsten, 72, 8 

Mesoionic imidazotriazolopyrimidines, 72, 
154 

Mesionic 3,l,2,-oxathiazol-2-one, photolysis, 
72, 390 

Mesoionic pyridazinium salts, 75, 186 
Mesoionic l,2,4-triazolo[4,3-a]pyrimidines, 
73,135 

Mesoxalonitrile-arylhydrazones, reaction 
with glycine, 75,193 
Meta telesubstitution, 74, 33 
Metal azides, 1,3-dipolar cycloaddition, 

72,13 

Metal complexation, 74, 31 
Metallacycles, literature review, 73, 357 
l,6-Methanobenzo[g][l,5]thiazonine-7,12- 
dione, 72, 252 

/V-Methoxyadenine, 75,132 

1- Methoxyadenosine-2-d-hydroiodide, 

rearrangement, 75,133 

4- Methoxy-6-aminopyrimidines, 74,44,45 

2- (4-Methoxybenzylidenehydrazino)-6- 

methylpyrimidin-4-one, oxidative 
cyclisation, 73,137 

1 -Methoxy-3-carbamoylpyridinium salts, 

74, 99 
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5- Methoxycarbonylmethyl-9-nitro- 

1,2,3,5,6,7-hexahydropyrido[l ,2,3- 
de]quinoxaline-2,3-dione, 71, 200 

6- (and 8-)Methoxycarbonylperhydropyrido- 

[1,2-a]pyrazin-7-one, 71,237 

7- Methoxycarbony)-l,2,4-triazolo[l,5- 

a]pyrimidin-5-one, 73,155 
7-Methoxycarbonyl-l,2,4-triazolo[4,3- 
a]pyrimidin-5-one, 73,155 

3- Methoxy-6-chloropyridazine, arylation, 75, 

201 

1 -Methoxy-9-dimethyladenine, 
rearrangement, 75,132 
2-Methoxy-3,3-dimethy)-3,4,6,7,8,9- 
hexahydro-27/-pyrido[2,l- 

5] [l,3]oxazonium chloride, 72,258 

4- Methoxy-2,6-diphenylpyrylium 

perchlorate, in preparation of 1,5- 
benzodiazepines, 71,17 

1-Methoxyisobenzofuran, 73,10 
irradiation, 73,55 

1- Methoxy-9-methyladenine, ring opening, 

75, 125 

rearrangement, 75,133 
A-Methoxy-A-methylamides, in sythesis of 
heterocycles, literature review, 73,300 

2- Methoxy-116-methyl-3,4-diphenyl- 

2,6,7,116- tetrahydro[l,3]thiazino[2,3- 
(jjisoquinoline, 72,246 
cm- 1 -Methoxy-9o-methyl-3-isopropyl- 
3,6,9,9w-tetrahydro-4H-pyrido[ 1,2- 
a]pyrazin-4-ones, ring opening, 71,188 
hydrolysis, 71,203 

10-Methoxy-6-methyl-4//-pyrimido[2,l- 
a]isoquinolin-4-one, 73,228 

3- Methoxy-6-methylthio-l,2,4,5-tetrazine, in 

preparation of pyridazines, 75,182 
6-Methoxymethyl-5n-trifluoromethyl- 

5u,5,6,7,8,9-hexahydro-ll 7/-pyrido[2,l- 

6] quinazolin-l 1-ones, 73,245 

5- Methoxy(nitro)-4-hydrazinopyrimidines, 

cyclisation to l,2,4-triazo!o[l,5- 
cjpyrimidines, 72,188 

6- Methoxyonychine, synthesis, 72,343 
6-Methoxy-l-oxo-l//-pyrimido[l,2- 

«]quinoline-2-carboxamide, 73, 226 

3- [4-( 4-Methoxypheny l)-2,6-dioxo-1,2,3,6- 
tetrahydro-l-pyridyljpropionic acid, 
cyclisation, 72, 258 

3-Methoxy-6-phenylpyridazine, preparation, 
75, 201 


3-Methoxy-6-phenylsulfinylpyridazine, 
metalation, 75,195 

8- (4-Methoxyphenyl)-2,3,4,6- 

tetrahydropyrido[2,l-6][l,3]oxazine-2,6- 
dione, 72, 257 

reaction with piperazines, 72,237 

7-Methoxy-3-phenyl-l,2,3-triazolo[5,4- 
djpyrimidine, cycloaddition, 71, 88 
l-Methoxy-l-(l-propenyloxy)ethane, from 
thermolysis of oxadiazoles, 72, 372 
A-Methoxypyridinium salt, 74, 92.93 

6- N-Methoxy-9-substituted adenine-2-d, 75, 

133 

l-Methoxy-9-substituted adenine-2-d- 
hydroiodide, rearrangement. 75,133 

9- Methoxy-2,3,5,6- tetrahydro-77/- 

pyrido[l,2,3-de]-l,4-benzoxazine, 71,170 
5-Methoxytetrazole, loss of formaldehyde on 
thermolysis, 72,389 

7- Methoxy-3//-1,2,3-triazolo[4,5- 

d]pyrimidine, glycosylation, 71, 94 
5-Methyl-6-acetyl-l,2,4-triazolopyrimidines, 
72,133 

7-Methyl-6-acetyl-l,2,4-triazolopyrimidines, 
72,133 

1-Methyladenine, 74,175 
9-Methyladenine, platinum complex, 72, 36 
1-Methyladenosine, 74,178 
rearrangement, 75,124 
A-Methyl adenosine, rearrangement, 75, 124 
10(rrans-2-Methyl-3-amino-l-azetidinyl)-9- 
fluoro-7-oxo-2,3-dihydro-7H- 
pyrido[l,2,3-rfc]-l,4-benxothiazine-6- 
carboxylic acid, chromatography, 71,156 
l-Methyl-2-aminobenzimidazole, adducts 
with chelates of Schiff bases, 72,35 

1- Methyl-2-(2-aminocarbonylethyl)-3,4- 

dihydroisoquinlinium perchlorate, 
hydrolysis, 73,194 

5- Methylaminoimidazole-4-carboxyiate, 

rearrangement, 75,107 

2- Methylamino-l //-imidazole-4,5-dione, 75, 

105 

6- Methylamino-9-methyl-8-azapurine, 71, 75 
2-Methylamino-5-nitropyridine, 75, 104 
6-Methylaminopurine ribonucleoside, 75,130 
2-Methylaminopyridines, phosphorus 

complexes, 72, 37 

formation by Dimroth rearrangement of 
5-nitro-2-imino-l-methylpyridine, 74, 
163 
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2-Methylaminopyridine-3-carboxylate, 75, 
110 

2-Methylaminopyrimidines, reaction with 
phosgene, 72,131 

by Dimroth rearrangement of 1,2-dihydro- 

2-imino-l-methylpyrimidine, 74,165 

6- Methylaminopurine, 74, 175 

2-(Methylamino)pyrimidin-4(3//)-one, 74, 

143 

2- Methylaminoquinazoline, 75,117 

3- Methylamino-l,2,3-triazole-4- 

carboxamide, 71, 71 
5-Methylamino-l ,2,3-triazole-4- 
carboxamide, cyclisation, 71,71 

3- Methylamino-l,2,4-triazolo[4,3- 

cjpyrimidines, preparation and 
isomerisation, 75,253 
Methyl rrans-3-(3-amino-l,2,4-triazol-l- 
yl)acrylates, 73,154 

2-(Methylamino)-4,6,6-trimelhyl-6//-l,3- 
thiazine, rearrangement, 75,140 

4- (N-Methylaniiino)-5-bromopyrimidine N- 

methylformamidine, 74,147 

2- Methyl-4-arylbenzodiazepines, 71,5 

3- Methyl-4-aryl-6-chloropyridazine, 

formation of V-oxide, 75,201 

3-Methyl-5-aryl-4(177)-pyridazinones. 75,184 

7- Methyl-8-azapurine, 71, 63 

8- Methyl-8-azapurine, 71, 63 

9- Methyl-8-azapurine, 71,63 
8-Methyl-8-azatheophylline, biological 

activity, 71, 66 

3-Methyl-8-azaxanthine, molecular orbital 
calculations, 71, 105 

2- Methylbenzimidazole, 71,32,33 
chlorination, 75,7 

3- Methyl-l,2-benzisoxazole, in preparation 

of pyridazines, 75,184 

5- Methylbenzodiazepinium chloride, 71,11 
Methyl-a-benzoyIamino-/3- 

dimethylaminoacrylate, reaction with 
/3-dicarbonyl compounds, 72,336 

3- Methyl-4-benzoylfuroxan oxime, 74,204 

6- N-(3-Methylbut-2-enyl)adenine, 75,133 
Methyl 3-chloropyridazine-6-carboxylale, 

reaction with stannylimidazole, 75, 

189 

4- Methyl-6-chloropyrimidine, 74, 24 
3-Methyl-4-cyanomaleimide, reaction with 

enamines. 72, 313 


Methyl o-cyanomethylbenzoate, 72, 107 

2- Methyl-3-cyano-4-quinolone, synthesis, 72, 

314 

3- Methylcytosine, 74, 169 

1 -Methyl-2,4-diaryl-benzodiazepinium salts, 
71,12 

3- Methyl-5,5-dicyano-2,3,4,4a,5,6- 

hexahydro-l//-pyrazino[l,2-a]quinoline, 
radical decyanation, 71,200 
2-Methyl-4,5-dihydrofuran, isomerisation, 

72,368 

4- Methyl-1,2-dihydropy razo lo [3,4- 

<f]pyrimidine-3,6-dione, 72,198 

7-Methyl-2,3-dihydro-5ff-pyrido[l,2,3-d<?]- 
1,4-benzothiazin-5-one, 71,230 

5- Methyl-5,6-dihydro-177-pyrido[l,2- 

а] quinazoline-l,6-diones, 73, 245 
2-Methyl-6,7-dihydro-4/f-pyrimido[2,l- 

o]isoquinoline-4-one, 73,248 

4-Methyl-5,6-dihydro-27f-[l,3]thiazino[2.3- 
o]isoquinolinium perchlorate, reduction, 
72,245 

2- Methyl-9,10-dimethoxy-l,2,3,6,7,l 16- 

hexahydro-4//-py razino[2,1 - 
ajisoquinoline, 71,237 

6- Methyl-8,9-dimethoxy-1-oxo-l ,2,3,4- 

tetrahydropyrazino[l ,2- 
hjisoquinolinium perchlorate, 71, 244 

1- Methyl-l-(4,6-dimethylpyrimidin-2- 

yl)thiosemicarbazide, desulfurization, 

73,135 

9-[3-(2-Melhyl[l,3]dioxolan-2-yl)ethyl]- 
2,3,4,6,7,8-hexahydropyrido[2,1 - 

б] [l,3]thiazine, ring opening, 72,243 
9-{3-(2-Methyl[l,3]dioxolan-2-yl)ethyl)- 

2,3,4,6,7,8-hexahydropyrido[2,1 - 
6] [1,3]thiazin-4-one, 72, 248 

3- Methyl-4,6-diphenylfuro[3,4-d]isoxazole, 

preparation, 73,26 
JV-Methyl-2,6-diphenylpiperidone, 

chlorination by 1-chlorobenzotriazole, 
75,41 

4- Methylene-4,5-dihydroisoxazoles, 

literature review, 73,337 
8,9-Methylenedioxo-l,3,4,6,11,116- 
hexahydro[l ,4joxazino[4,3- 
6]isoquinolin-l-one, 71,175 
Methyl 2-(l-ethoxycarbonyl-4-oxo-4//- 
pyrido[l,2-a]pyrazin-3-yl)acetate, 71, 

246 

2- Methylfuran, decomposition, 72, 394 



362 


CUMULATIVE INDEX 


5-Methyl-2(3//)-furanone, aldo! type 
reactions, 73, 283 

reaction with methylamine, 73,285 
Methylguanidine, 74, 143 

7- Methylguanine, 74, 58 

9- Methylguanine, platinum complexes, 72, 36 

8- Methyl-2,3,4.4tf,5,6-hexahydro-lH- 

pyrazino[1.2-a]quinolines, nitration, 71, 
198 

10- Methyl-2,3,4,4fl,5,6- hexahydro-1 H- 

pyrazino[l,2-fl]quinolines. NMR 
spectra. 71,162 

9- Methyl-5a,6,7.8.9,l 1-hexahydropyrido[2,l- 

£>][1,3]benzoxazin-l 0-oncs, 72,253 
9-Methylhexahydropyrido[2,l- 

f>][l,3]benzoxazin-l 1-ones, acid 
catalysed epimerisation, 72,227 
7-Methyl-5,5n,6,7,8,10-hexahydro-ll/7- 
pyrido[2,l-fo]quinazoline, 73,252 
9-Methyl-2,3,4,6,7,8,-hexahydro-pyrido[2,l- 
fe][1.3]thiazine-2,4-dione, 72,267 

I -Methyl-1,3,4,6,11,11 o-hexahydro-2/7- 

pyrimidofl ,2-6Jisoquinoline, 73,233 
oxidation, 73,193 

5- Methyl-l ,3,4,6.11,1 ln-hexahydro-2//- 

pyrimido[l,2-fo]isoquinolinium iodides, 
73, 203 

reduction, 73,192 

II b-Methyl-1,3,4,6,7,116-hexahydro-2//- 

pyrimido[2,1 -nJisoquinolin-2-one, 
reaction, 73,232,238 
with aldehydes, 73, 216 
ri.?-3,4u-/7-3-Methyl-l,2,3,4,4 a, 5-hexahydro- 
6W-pyrimido[l,2-fl]quinazoline, 73,198 
c«-3,4n-W-3-Methyl-l,2,3,4,4fl,5-hexahydro- 
67/-pyrimido[ 1,2-a]quinazolin-6-one, 
reduction, 73,198 

3- Methyl-1,2,3,3a,4,5-hexahydropyrrolo[l ,2- 

a]quinazoline, 73,252 

6- Methyl-5,5a,6,7,8,10- 

hexahydropyrrolo[2,l-6]quinazolines, 
73, 252 

4- Methyl-2,3,4.6,7,llf>-hexahydro-[l,3]- 

thiazino|2,3-a]isoquinoline, 72,245,265 
Methylhydrazine, reaction with dimethyl 
acetylenedicarboxylate, 75,181 

l-Methyl-6-hydroadenosine, 75, 130 
««/iyrfro-9-Methyl-4-hydroxy-2-oxo-6,7,8,9- 
tetrahydro-27/-pyrido[2,l - 
/;][ l.3]thiazinium hydroxides,72, 267 


1- Methyl-2(3//)-imidazoline thione, metal 

complexes, 72,40 

2- (3-)Methylimidazo[l,2-a]pyrazine, lack of 

rearrangement, 75,83 

2- Methylimidazo[l,2-fl]pyrimidine.75, 83 

3- Methylimidazo[l ,2-cf (pyrimidine. 

rearrangement, 75, 83 

2- Methylimidazo[l,2-c]pyrimidine, 75, 83 

3- Me thylimidazo[ 1,2-c]pyrimidine, 

rearrangement, 75, 83 

5- Methylimino-4-phenyl-1,3.4-dithiazolidine 

1-dioxide, 74,161 
1-Methylinosine, 74, 116 
l'-Methylindane-2-spiro-2'-piperazin-3'- 
ones, 71,208 

1-Methylindole, as enamine. 72, 345 
Methyliodide, reaction with 1- 
chlorobenzotriazole, 75,63 
1-Methylisobenzofuran, lithiation, 73,53 
1-Methylisocytosine. 74,143 

6- Methylisocytosine, 74,142 
O-Methylisourea, 74,130 
5-Methylisourea,74, 130,131 
5-Methylisoxazole, fragmentation, 72, 397 
l-Methyl-2-mercaploimidazole, copper 

complexes. 72,43 

1- Methyl-2-methoxycarbonyl-3-amino-5- 

nitro-pyrrolo[2,3-6]pyridine, 72, 96 
Methyl 2-(l-methoxycarbonyl-4-oxo-4/7- 
pyrido[1,2-n]pyrazin-3-yl)acetate, 71, 

203 

2- Methyl-9a-methoxy-4,6,7,8,9,9«- 

hexahydropyrido[2,1 -b\[ 1,3]oxazin-4- 
one, reaction with ammonia, 72, 240 
2-Methyl-9-methoxy-3,5,6.7- 

tetrahydropyrido[ 1,2,3-dc]quinoxalin-3 - 
one, 71,236 

8-Methyl-6-methylamino-8-azapurine, 75,137 

1- Methyl-6-methylamino-9-methyl-8- 

azapurinium salts, 71,75 

7- Methyl-6-methylamino-9-methyl-8- 

azapurinium salts, 71,75 
1 -Methyl-2-methylamino-4( 1 H)- 
quinazolinone, 75,118 
1 -Methyl-5-methylenepyrrolidin-2-one, 73, 
285 

2- Methyl-5-methylsulfonyl-l,2,3-triazolo[4,5- 

r/|pyrimidines, 71, 68 
4 Methyl-3-methylthio-2//-pyrimido[2,l- 
o]isoquinolin-2-one, 73,227 
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1- Methyl-3-methyl-1,2,4-triazolium 

perchlorate, 73, 150 

/V-Methyl <x-nitroacetamide, 74,132, 135, 136 
3-Methyl-8-nitro-7-oxo-2,3-dihydro-7//- 
pyrido[ 1,2,3-de]-l ,4-benzoxazine-6- 
carboxylic acid. 71,170 

2- Methyl-5-nitropyrimidine, rearrangement, 

75,110 

1- Methyl-1,2.3,4,7,8,9,10-octahydro-6L/- 

pyrimido[l,2-b]isoquinoIin-6-one, 73, 

251 

1 -Melhyl-8-oxoadcnosine, rearrangement. 

75, 134 

6- /V-Methyl-8-oxoadenosine, 75,134 

2- Methyl-3-oxobutyronitrile, 72, 368 
from 3,5-dimethylisoxazole, 72, 397 

7- Methyl-5-oxo-1.5-dihydro-8-carbamoyl- 

1.2,4-triazolo[4,3-c]pyrimidines, 
preparation, 72, 198 
Methyl l-oxo-l,5-dihydropyrido[l,2- 

n\ [ 1,4]benzodiazepine-2-carboxylate, 73, 
246 

Methyl l-oxo-2.6.7,8,9,9a-W- hexahydro-1/7- 
pyrido[l,2-u]pyrazine-3-carboxylale, 71, 
239 

5-Methyl-1 -oxo-2,3,4,6,7,8-hexahydro-1 H- 
pyrido[l,2-u]pyrazinium iodide, 
reduction, 71, 191 

Methyl 1 -oxoperhydropyrido[ 1,2-a]pyrazine- 
7-carboxylates, reduction, 71,190,239 
Methyl d.v-7.9u-//-l-oxo 

perhydropyrido[l,2-a]pyrazine-7- 
carboxylate, 71, 239 
Methyl nr-8,9«-tf-l-oxo 

perhydropyrido[l ,2-a]pyrazine-8- 
carboxylate. 71,239 

5-Methyl-7-oxo-3-phenyl-1.2.4-triazolo[4,3- 
«]pyrimidine, 73,148 
5-Methyl-7-oxo-7tf-pyrido[l,2,3-de]-l,4- 
benzoxazine-6-carboxylic acid, reaction 
with isocyanates, 71, 176 
Methyl l-oxo-l//-pyrido[l,2-«]qumazoline- 
2-carboxylate, 73,246 
5-Methyl-ll-oxo-l lW-pyrido[2,l- 

i>]quinazolinium iodide, reaction with 
pyrrolidine, 73,192 
5-Methyl-6-oxo-6tf-pyrido[l ,2- 
ajquinazolinium salts, 73, 203 
1 -Methyl-4-oxo-4L/-pyrimido[l ,2- 
ajquinolines, 73, 231 


3-Methyl-l-oxo-lH-pyrimido[l,2- 
a]quinolines, 73, 231 

Methyl 1-oxo-1,4,4a,5-tetrahydropyrido[ 1.2- 
a][l,4]benzodiazepine-2-carboxylate, 
oxidation, 73, 246 

8- Methyl-6-oxo-2,3,4,6-tetrahydropyrido[2,l- 

S||l,3joxazine-9-carboxamide, 72,257 
diazo coupling, 72,237 
Methyl 11 -oxo-6,7,8,9-tetrahydro-11 H- 

pyrido[2,l-6]quinazoline-3-carboxylatc, 
73, 236 

5-Mcthyl-6-oxo-l,2,3,4-tetrahydro-6W- 
pyrido[l,2-a]quinazolinium 
methosulfate, ring opening, 73, 193 
7-Methyl-5-oxo-l,2,4-triazolo[4,3- 
a]pyrimidine, 73, 140 

5- Me!hyl-7-oxo-l,2,4-triazolo[4,3- 

ajpyrimidine, 73,140 
2-Methyl-4-(pentafluoroethyl)- 

benzodiazepine, preparation, 71,4 

6- Methvl-8-pentafluoroethyl-9- 

trifluoromethyl-10W-pyrido[l,2- 
a]quinoxalin-10-one, 71, 249 

9- Methylperhydropyrido[2,l -c] [ 1,4]oxazines, 

conformational analysis, 71, 151 
9-Methvlperhydropyrido[2,l-fe][l,3]oxazine, 
diaslereomers. 72, 230 

6-Methylperhydropyrido[2,1 -cj [1,4]oxazin-1- 
one, 71, 222 

6-Methylperhydropyrido[2,l-o][l,4]oxazin-l- 
one, reduction, 71, 163 
ri.v-l,9u-W-l-Methyl perhydropyrido[2,l- 
c][l,4]oxazin-3-ones, conformational 
analysis, 71,152 
with hydrazine, 71, 164 
ri.y-8,9n-W-8-Methyl perhydropyrido[2,l- 
c][l,4]oxazin-3-ones, conformational 
analysis, 71, 152 

d,s-6,9a-L/-6-Methyl perhydro[2,l- 

c][l,4]oxazin-4-one, conformational 
analysis, 71,152 

9fl-Methylperhydropyrido[2,l-6][l,3]oxazin- 
6-ones, 72,262 
spectra, 72, 233 

2-Methy!perhydropyrido[l ,2-fl]pyrazine-l ,4- 
dione, 71, 243 

2- Methylperhydropyrido-[l,2-a]-pyrazin-l- 

one, NMR spectra, 71,161 

3- [(p-Methylphenyl)amino]-4-[(p- 

methylphenyl)imino]-4W-pyrido[l,2- 
o]pyrazine, complex structure, 71, 163 
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2-Methyl-4-phenylbenzodiazepine, 71, 5 
ring contraction to 2-methyl and 2-phenyl- 
benzimidazoles, 71, 24 
oxidation to 2-acetyl-3-phenylquinoxaline, 
71,27 

2 Methyl-4-phenylbenzodiazepinium salts, 

71,10 

2-(2-Methylphenyl)-5,5-dimethyl-l,4,5,6- 
tetrahydropyrimidine, 73,233 
Methyl 4-phenyl-l,6-dioxo-l,3,4,6,7,8- 
hexahydropyrido[2,l-c][l,4]oxazine-9- 
carboxylates, formation, 71,150 
V-Methyl-o-phenylenediamine, preparation 
of benzodiazepinium salts, 71,12 
(+)-cts-7,1 16-//-2-Methyl-7-phenyl- 
1,3,4,6,7,116-hexahydro-2f/- 
pyrazino[2,l-a]isoquinoline. X-ray 
analysis of L-tartaric acid salt, 71, 163 

2- Methyl-7-phenyl-2,3,4,6,7,116-hexahydro- 

l//-pyrazino[2,l-o]isoquinoline, N- 
demethylation, 71,196 
resolution, 71,210 

3- [(p-Methylphenyl)imino]-4/7-pyrido[l,2- 

o]pyrazine, 71, 246 

3-MethyI-5-phenylisoxazole, chromium 
complexes, 72,30 
( + )-(4fl,9aS)-4-Methyl-2- 

phenylperhy dropyrido[ 1,2-o]pyrazin-3- 
one, 71,160,234 

9- Methyl- 2-phenylperhydropyrido[l ,2- 

a]pyrazin-4-one, 71,160 

3-Methyl-4-phenylpyridazine, formation of 
/V-oxide, 75,201 

1 -(p-Methylphenyl)-2-(2-pyridyl)-4-(p- 
methylphenylamino)-l,2-dihydro-5/f- 
imidazol-5-one, 71,209 
as- and rra/ts-5-Methyl-6-phenyl-l-(4- 
substituted phenyl)-5,6-dihydro-2- 
thiouracils, 75, 139 

5-Methyl-7-phenyltriazolopyrimidines, 72, 
146 

5- Methyl-3-phenyl-l,2,4-triazolo[4,3- 

a]pyrimidin-7-one, 73, 143 

6- [2-(4-Methyl-l-piperazinyl)acetamido]- 

11 //-pyrido[2,l-a,]quinazolin-l 1 -one, 

73, 245 

10- (4-Methyl-1 -piperazinyl)-7-oxo-7//- 

pyrido[l,2,3-dc]-l,4-benzoxazine -6- 
carboxylic acid, 71, 218 

l-Methylpiperidin-4-ones, chlorination by 1- 
chlorobenzotriazole, 75,39 


4-Methyl-2-propenyl-4H-l ,3-dithiine, 72, 

403 

3- (or 4-)Methylpyridazine, lithiation, 75, 203 
reaction with ninhydrin, 75, 204 

4- Methylpyridazine, W-NMR coupling 

constants, 75,213 

6-Methylpyridazine-3-carbonitrile, 
hydrolysis, 75,205 

3-Methylpyridazine-4-carboxylate, 75, 180 

3- MethyIpyridazine 2-oxide, photochemical 

oxidation, 75,209 

N-Methylpyridazinium iodide, n C-NMR 
spectra, 75,216 

4- Methyl-3(2H)-pyridazinone, crystal 

structure, 75,318 

4- {2-[l-(6-Methyl-3-pyridazinyl)-4- 

piperidinyl]ethoxy| benzoate. X-ray 
crystallography, 75,217 

1- Methylpyrimidinium methosulfate, 74, 94 
V-Methylpyrimidinium salts, 74, 2,49,104 

2- Methyl-4//-pyrimido[2,l-a]isoquinolin-4- 

one, 73,227 

3- Methyl-l//-pyrimido[l,2-<i]quinolin-l-one, 

73,224,225,238 
reduction, 73,199 

6- Methylpyrimido[5,4-e]l,2,4-triazine-5,7- 

dione, hydrogenation, 75,260 

1- Methylpyrrole, shock tube thermolysis, 72, 

395 

from l-methyl-2-pyrrolidinone, 72, 399 
jV-Methyl-2-pyrrohdone, reaction of acetal 
with enamines, 72,335 
decomposition. 72,398 

7- Methyl-3-/3-D-ribofuranosy!-l,2,4- 

triazolo[4,3-a]pyrimidine, 72,172 

2- Methyl-4-styrylbenzodiazepine, 71, 33 

5- Methyl-6-(p-sulfonylphenylazo)-l,2,4- 

triazolo[l ,5-a]pyrimidin-7(4//)-one, 72, 
139 

5-(Methylsulfonyl)-3-phenyl-3W-1,2,3- 
triazolo[4,5-d]pyrimidine, 71, 81 
1 -Methyl-5-sulfonyl-l ,2,3-triazolo[4,5- 
djpyrimidine, 71,63 
2-Methyl-2,3,5,6- tetrahydro-7//- 

pyrido[l ,2,3-de]-l ,4-benzoxazin-3-ones, 
71,217 

2-Methyl-6,7.8,9-tetrahydro-4W-pyrido[ 1,2- 

a] pyrimidin-4-one, 72, 240 

7-Methyl-6,7,8,9- tctrahydro-11//-pyndo[2.1- 

b] quinazoline, preparation, 73, 198 
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6-Methyl-6,7,8,10-tetrahydropyrrolo[2,l- 
b]quinazoline, 73 , 252 
11 -Methy l-2,3,4,6-tetrahydro[l ,3]thiazino- 
[3,2-b]isoquinolin-6-one, oxidation, 72 , 
252 

5- Methyltetrazole, copper complex, 72 , 29 

6- Methyl tetrazolo[l,5-c]pyrimidin-5(6//)- 

one, mass fragmentation, 72 , 210 

4- Methylthiazole, formation of osmium 

complexes, 72, 31 

Methyl a-cyano-/3-(2-thienyl)acrylate, 74 , 218 

5- Methylthio-7-amino-l,2,4-triazolo[l,5- 

tjpyrimidines, reaction with hydrazine 
hydrate, 75 , 97 

3-Methyl-2-thio-8-azaxanthine, molecular 
orbital calculations, 71 , 105 
Methylthiobenzodiazepines, cycloaddition 
reactions, 71 , 38 
3-Methylthio-4-cyano-l ,9a- 

dihydropyrido[2,l-c][l,4]thiazine-l- 
carboxylates, decomposition, 71 , 187 
N-[6/s(Methylthio)methylene]cyanamide, 
reaction with acylamidrazones, 75 , 259 
1 -Methyl-5-thiomethyl-l ,2,3-triazolo[4,5- 
d]pyrimidine, 71 , 63 

2-Methyl-5-thiomethyl-l,2,3-triazolo[4,5- 
d]pyrimidines, 71 , 68 

5-Methylthio-7-oxo-7tf-pyrido[l,2,3-de]-l,4- 
benzoxazine -6-carboxylates, 71 , 219 
2-Methylthio-4-phenylbenzodiazepine, 
tautomerism, 71 , 37 
3,6-f>is(Methylthio)-l,2,4,5-tetrazine, 
cycloaddition with acetylenic 
azetidinones, 75 , 188 

5-Methylthiotetrazole, loss of formaldehyde 
on thermolysis, 72,389 

7- Methylthio-l,2,3-triazolo[4,5-d]pyrimidine, 

condensation with sugars, 71 , 91 

7-Methyl-4-[(p-toluenesulfonyl)amino]- 
benzotriazole, 75 , 145 
Methyl-(3,5,5-trialkyl-3,5-dihydro[l,2,3]- 
triazol-4-ylidene)-amine, photolysis, 72 , 
378 

1 -Methyl-1,2,3-triazolo[4,5-d]pyrimidines, 

71 , 68 

5-Methyltriazolopyrimidine, 72 , 134 
5(6)-Methyl[l,2,4]triazolo[l,5-a]pyrimidine, 
copper complex, 72 , 28 
7-Methyl-l,2,4-triazolo[4,3-a]pyrimidine-5- 
one, 73 , 151 


5-Methyl-2-(trimethylsilyl)-tetrazole, gas 
phase thermolysis, 72 , 389 
Michael addition, 74 , 97,186 
Microwave discharge, in formation of 
plasmas to give molecular 
fragmentations, 72 , 364 
Mirror plane symmetry, 74 , 7 
Mitomycinoids, chemical investigations. 

literature review, 73,318 
Mitsunobu reaction in synthesis of 

heterocycles, literature review. 73 , 306 
MNDO calculations, on isobenzo[c]furans, 
73,3 

on dihydropyridazines, 75 , 212 
Monoacetals of o-phthaldehyde, 73 , 10 
1 -(and 7- and 9-) Monosubstituted epimers 
of perhydro[2,1-c] [1,4]oxazin-4-one, 
conformational analysis, 71 , 152 
Morpholinoallenes, thermolysis, 73 , 114 

1- Morpholino-l-cyclohexene, 74 , 145 

2- Morpholino-2-cyclohexen-l-one, reaction 

with benzoquinones, 72 , 296 
l-(N-Morpholino)-4-nitroimidazole, 74 , 127 
3//-3-Morpholinopyrrole, 72 , 89 
7-Morpholinosulfonyl-2,3,4,9a- 

tetrahydropyrido[2,l-b][3,l]oxazine, 72 , 
256 

l-(Morpholin-4-yl)cyclohexane, reaction 
with 1-chlorobenzotriazoie, 75,48 


[7]l,4-Naphthalenophane, preparation, 73, 35 
Naphthodiazepines, 71,11 
Naphtho[l,2]-diazepinium salts, hydrolysis, 
71,25 

Naphtho[l,2-c:3,4-c']difuran, 73 , 8 
Naphtho[l,2-c:5,6-c]difuran, 73 , 11 
Naphtho[l ,2-c]furan, 73 , 8,11,23 
Naphtho[2,3-c]furan, 73 , 11 
Naphtho[c]furandiones, reactions as dienes 
and dienophiles, 73 , 34 

1 - Naphthoylpalladium complexes, 72 , 48 
5-(Naphth-l-yl)-7,8-dihydro-l,2,4- 

triazolo[4,3-a]pyrimidine, 73 , 151 
llb-(2-Naphthyl)-l,3,4,6,7,llb-hexahydro- 
2//-pyrimido[2,l-a]isoquinolin-6-one, 
73 , 254 

2- Naphthyl-4-phenyl-l,5-benzodiazepines, 

71,5 

2,7-Naphthyridine, 72, 307 
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1,8-Naphthyridin-4(l //)-ones, 73, 219 
Nenitzescu reaction, synthesis of 5- 
hydroxyindoles, 72,290 
N-deethylation, 74, 98 
Ninhydrin, condensation with 
enaminoesters, 72,309 
Nitrene, 74,204 

Nitrileimines, reaction with benzodiazepines, 
71,34 

from 1,3,4-triazoles, 72,406 
Nitrile oxides, reaction with 
benzodiazepines, 71,34 
Nitrile sulfides, from 1,3,4-oxalhiazolin-2- 
ones, 72, 406 

3- (a-Nitroacetaldoxime)furazan, 74,204 
p-Nitroacetophenone, 74,146 
Nitroamine, 74,113 

4- o-Nitroanilino-l,2,3-benzotriazine, 75,150 
4-Nitroarylpyridazines, 75,172 
Nitroaryltriazolopyrimidines, hydrolysis, 72, 

151 

2- [2-(4-Nitrobenzamido)ethyl]-6- 

methylperhydropyrido[l,2-a]pyrazine, 
hydrolysis, 71,203 

3- Nitro-i,5-benzodiazepines, IR spectra, 

71,22 

1- Nitrobenzotriazole, formation, 75,72 

2- (3-and 4-Nitrobenzoyl)-l,2,3,6,7,116- 

hexahydro-4//-pyrazino[2,l - 
«]isoquinolin-4-ones, solid state 
structure, 71,163 

^-Nitro-/3-(Ai-benzoyl)thioamides, 

cyclisation to nitrothiopyrimidines, 72, 
326 

3- Nitrocollidinium cation, formation of 

indoles, 72,290 

4- Nitro-1.2-di(acetylamino)benzene, 71,32 
Nitrodiformylmethane, 74,146 
Nitrodihydrotriazolopyrimidinones, reaction 

with hydrazine hydrate, 72,158 
3-(a-Nitroethyl)-4-phenylfurazan, 74,204 
Nitrogen as Pivotal Atom, 74, 200 
'“’-Nitrogen NMR spectroscopic studies of 
Dimroth rearrangement, 75,129 
l5 A/-Nitrogen-scrambling, 74,19,20,27,42, 
53,71,79,163,164 
ls Nitrogen labeled compounds 
5'-0-acetyl-2',3'-O-isopropylidene-3-[ l5 W- 
amino]-[3- 15 /V-]uridine,74,115 
2\3\5'-tri-0-acetyl-l-[ l ‘W-amino]-[l- 15 A/-]- 
inosine, 74, 116 


2- [ 1 ' , A!-amino]-4,6-diphenyl-l ,3,5-triazine, 

74, 80 

3- [ 15 Ai-amino]isoquinoline, 74, 19,20 
3-amino[ 15 A-]isoquinoline, 74, 19 
2-amino-4-phenyl[ 1,3- 15 /V-]pyrimidine. 

74,36 

2- [ l5 /V-amino|-4-phenylquinazoline. 

74,55 

3- amino-5-phenyl[4- l5 A-]-l,2,4-triazine, 

74,71 

2- [ l:, V-amino]pyridine, 74, 163 

3- [ l5 A-amino]-l,2,4-triazine, 74, 69 
3-benzyl[3- l5 N-]uridine, 74, 113 

5- bromo-4-t-butyl[l(3)- l5 A/-]pyrimidine, 

74,42 

6- bromo-4-phenyl[l(3)- l5 N-]pyrimidine, 

74, 13 

2- bromo[ l '’A-]pyridine, 74, 14 

3- bromo[ l5 iV-]isoquinoline, 74,19 
2-bromo-4-phenyl[l(3)- l5 N-]pyrimidine, 

74,25 

6-chloro-5-cyano-4-phenyi[ 1 (3)- 15 A-]- 
pyrimidine, 74, 21 
2-chloro[ l5 N-]pyrazine, 74, 65 
2-chloro-4,6-diphenyl[( 1 ),(3),(5)- 15 N-]- 
1,3,5-triazine, 74, 80 
2-chloro-4-phenyl(l,3- l5 A/-]pyrimidine, 
74,38 

2-chloro-4-phenyl[ 1 (3)- 15 7V-]pyrimidine, 

74,21 

2-chloro-4-phenyl[3- l, A/-]quinazoline. 

74,55 

4- chloro[3- l5 /V-]quinazoline, 74, 53 

1- chloro(bromo)-4-R-[2,3- l5 A-]- 

phthalazine, 74,68 
2,4-diphenyl-6-halogeno[ 1(3)-’ 5 N-]- 
pyrimidines. 74,25 

4,6-diphenyl-2-X-[l ,3- 15 A-]py rimidine, 
74,38 

2- fluoro-4-phenyl[l(3)- 15 /V-]pyrimidine, 

74,21 

[ l5 V-]hydrazinium hydrogen sulfate, 74, 
114,116 

2-imino-[3- l5 /V-]imidazolidin-5-one, 74, 
163 

[l- l3 Ai-]inosine, 74, 114 
2-iodo-4-phenyl[l(3)- l: 'Ai-]pyrimidine, 

74,21 

2-methyl-4-nitro[l- l5 V-]imidazole, 74, 

125 
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1 -melhyl[ 1,3- ls /V-|pyrimidinium methyl 
sulfate, 74 , 95,138 

3-methylthio[4- 1 'W-]-l,2,4-triazine, 74 , 69 
[ l5 lV-]nitroamide, 74 , 125 

3- nitro-[3- l5 lV-]uridine. 74,113 

4- phenyl-2-X-[l,3- 15 iV-]pyrimidines, 74 , 34 

5- phenyl[4- ls lV-]-1.2.4-triazin-3-one, 74 , 75 
[3- ls lV-]pyrimidine nucleosides, 74 , 112 
[3- l5 ,V-jpurine nucleosides, 74 , 112 
[3- ls iV-]quinazolone, 74 , 4,57 

[1(3)-' N-]l ctrazolo[ 1,5-a]pyridine, 74 , 1 64 
[3- l5 /V-)uridine. 74 , 113 

7- (2-Nitro-)-hydroxyethyl)- 

perhydropyrido[l,2-«]pyrazines, 71 , 205 

8- Nit ro-5-hydroxy-7-methyl-1,2,4- 

triazolo[4,3-c]pyrimidine, 75 , 268 
N-Nitroimidazoles, 74 , 116 

4-Nitroimidazole, 74 , 127 
chlorination, 75 , 7 

1-Nitroinosine, 74 , 114,116 
Nitromethyl anion, 74 , 96 

3- Nitro-4-methylpyridinium salt, 74 , 134 

l-(4-Nitrophenyl)-3',5'-diacetyl-2'- 

deoxyinosine. 75 , 130 

l-(Nitrophenyl)-4,6-diamino-l,3,5-lriazines, 
rearrangement, 75 , 152 

4- Nitro-o-phcnylenediamine, in preparation 

of 1,5-benzodiazepines, 71 , 17 

3- (4-Nitrophenyl)perhydropyrido[l,2- 

rt]pyrazin-l-onc, 71 , 204 
1 -(3-Nitrophenyl)-3-phenylisobenzofuran, 53 

4- /j-Nitrophenylpyrimidine, 74 , 146 

5- Nitro-2-phenylpyrimidine. 74 , 138 

6- Nitropyrazolo[3,4-6Jpyridine, 75 , 85 

6-Nitropyrazolo[l,5-ajpyrimidine, 

rearrangement, 75 , 85 

4- Nitropyridazines. amination, 75,198 

5- Nitropyrimidines, 74 , 138, 139,141,142 
reaction with enamines, 72 , 343 

3-Nitro-4-//-pyrimido[2,l-n]isoquinolin-4- 
one. 73 , 228 

N-Nitropyrimidones, 74 , 112 
o-Nitrosobenzamide, reaction with 
isobenzofurans, 73 , 44 
Nitrosobenzene, reaction with 
isobenzofurans, 73 , 44 

1- Nitroso-2,4-dimethyl-l//-benzodiazepine, 

71 , 32 

2- p-Nitrosophcnyl-perhydro[1.2-a]pyrazine, 

71 , 201 


4- Nitrosopyridine-N-oxide, reaction with 

isobenzofurans, 73 , 44 
Nitro-substituted triazoles, synthesis, 
literature review, 73 , 339 

2-Nitro-6,7,8,9-tetrahydro-11 H-py rido[2,1 - 
6|quinazolin-l l-one, 73 , 205 

2- Nitro-6,7,8,9- tetrahydro-11 H- 

pyrimidof2.1 -6]quinazolin-11 -one, 
Vilsmeier-Haack reaction, 73 , 206 
11 -(p-Nitrostyryl)-1,3,4,6,7,11 b-hexahydro2- 
//-pyrimido[2,l -a)isoquinolin-2-one, 73 , 
227 

3- Nitrotctrahydro-l ,2,3-triazolo[ 1,5- 

ojpyrimidine. 71, 60 

Nitrothiopyrimidines, formation from /J- 
nitro-/3(V-benzoyl)thioamides, 72, 

326 

6- Nitro-l,2,4-triazolo[l,5-n]pyrimidincs, 74, 

179 

ring transformation with amines, 72, 

157 

3-Nitrouridine, 74,113, 116 

5- Nitrouracil, 74 , 134 
Nitrous oxide, 74 , 114,116 

7- (2-Nitroviny l)perhydropyrido[ 1,2- 

ajpyrazines, 71 , 205 
NMR spectroscopic study of 
the covalent amination in 

/V-alkylpyridinium salts, 74, 91,92 
IV-benzylpyrimidinium salts, 74, 98 

5- bromo-4-subslitutcd pyrimidines. 

74 , 41 

2-chloro-3,6-diphenylpyrazine, 74,67 

4,6-diethoxy-fV-ethylpyrimidinium 
tclrafluoroborate, 74 , 101 

3.5- dinilro-2-chloropyridine, 74,18 
1.4-dinitroimidazole,74, 12 

4.6- diphenylpyrimidine, 74,104 

4.6- diphenyl-l,3,5-triazine, 74 , 79 

6- ethoxy-4-oxopyrimidinium salts, 74, 

103 

halogeno(amino)-l,2,4.5-telrazines, 74, 
83-86 

isoquinoline. 74 , 19 

1 - methylpyrimidinium salts, 74 , 94,97 

4-phenylpyrimidine, 74 , 48,49 
phenyl 1,3,5-triazine, 74 , 76 
pyrimidine, 74 , 30 

2- substituted-4-halogenopyrimidines, 

74,31 
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4-substituted-2 halogenopyrimidincs, 

74, 36 

1,2,4-triazines, 74, 69 
bond switching in 5(/3-amino-j3- 
aryIvinyl)isothiazoles, 74,214 
bond switching equilibrium in 
pentacarbonyltungsten(O)- 
thioaldehyde-l ,2-dithiol, 74,217 
bond switching in 5-amidino-l,2,4- 
thiadiazoles, 74,207,209 
bond switching in 3-acetylamino-l,2,4- 
oxadiazole, 74,203 
crossover experiments with 
benzotriazoles, 74,194 
deprotonation of substiutuents in azines, 
74,25,44 

the ring opening of A'-methoxypyridinium 
salts, 74, 93 

the ring opening of l-methoxy-3- 

carbamoylpyridinium salts by liquid 
ammonia, 74, 99 

the structure of the intermediate from 5’- 
0-acetyl-2’,3’-0-isopropylidene-3- 
nitrouridine and [ l5 JV-]benzylamine, 
74,113,114 

the structure of the intermediate from 
2',3,5'-tri-0-acetyl-l-nitroinosine 
and [ l5 iV-]benzylamine, 74,116 
15 V-NMR spectroscopy, 74,160,210,215 
N—O bond fission, 74,201 
Norbornenes, reaction with isobenzofurans, 
73,50 

Norbornen-7-one, fragmentation to 
cyclohexadiene, 72,370 
Nucleosides, total synthesis, literature 
review, 73, 315 
Nucleotide-TpdA, 74,119 


1.2.3.4.5.6.7.8- Octahydro-2-methyl-2,6- 
benzodiazecines, 73,192 

1.2.3.4.5.7.8.9- Octahydro-l 1 tf-pyrido[2,l- 
h]quinazolin-l 1-ones, solubility, 73, 
180 

protonation, 73, 180 
chromatography, 73,180 
partition coefficient 73,181 
13 C NMR spectra, 73,189 
Octahydropyrido[2,l-c][l,4]thiazin-8-one, 
71, 229 


Octahydro[l,3]thiazino[2,3-a]isoquinoline- 
4,6-dione, 72,269 
Ofloxacin, basicity, 71,148 
Onychine, synthesis, 72, 343 
Optically directed magnetic resonance 

spectrometry, use in investigating plant 
photosystems, literature review, 73,316 
Ornithin, precursor of pyridazomycin, 75, 
158 

Oxaazaphospholidines, in synthesis of 
organophosphorus compounds, 
literature review, 73, 352 
Oxacyclophanes, synthesis, literature review, 
73,351 

1.2.4- Oxadiazoles, photoinduced 
rearrangements, literature review, 73, 
340 

1.3.4- Oxadiazoles, formation, 73, 286 

1.2.4- Oxadiazole-3-carboxylates, formation 
from N acylglycines, 72, 305 

1.3.4- Oxadiazolidines, cleavage, 72, 385 
1,3-dipolar cycloreversion, 72,405 

1.2.4- Oxadiazoline, 74,171 

1.3.4- Oxadiazolines, fragmentations, 72, 371 

1.3.4- Oxadiazolinones, 1,3-dipolar 
cycloreversion, 72,405 

Oxadiazo!o[3,4-c]carbazole, 72, 293 

1.2.5- Oxadiazolo[3,4-d]pyridazines, 
reduction to 4,5-diaminopyridazines, 75, 
185 

1.2- Oxaphosphetanes, as intermediates in 

Wittig reaction, literature review, 73, 

352 

1.2- Oxasilolanes, formation, literature 

review, 73,355 

3.1.4- Oxathiazol-2-one, photolysis, 72, 390 

1.3.4- Oxathiazol-2-thione, photolysis, 72,390 
Oxaza-cycloallenes, 73,119 
Oxazepines, 73,105 

1.2- Oxazines, from nitroalkenes and 

enaminocarbonyls, 72,331 

1.3- Oxazine-4-thiones, 72,332 

2 H, 11 b//-[ 1,3]Oxazino[2,3-«]isoquinoline- 

2,2,3,4-tetracarboxylate, hydrolysis, 72, 
235 

[l,3]-Oxazino[2,3-/]quinolines, 72,260 
Oxazole metal complexes, 72,30 
Oxazolidine-2,5-diones, synthesis and 
polymerisation, literature review, 73, 

338 
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2- Oxazolidinone, chiral derivatives, 

literature review, 73 , 338 

3- Oxazolin-5-ones, thermolysis, 73 , 105 
Oxazolo[3,2-a)pyridines, synthesis, 72 , 304 
Oxepins, from isobenzofurans, 73 , 30 
l,4-Oxido-l,2,3,4-tetrahydronaphthalene 

derivatives, conversion to naphthalenes, 
73, 29 

4- Oximino-17/,3//-quinazolin-2-one, 75 , 120 
Oxiranes, literature review, 73 , 328 
10-Oxo-5-aza-4,10-dioxo-9- 

ethoxycarbonylcyclodecane, affect of 
heating, 72 , 261 
3-Oxobenzodiazepines, 71 , 46 

9- (3-Oxobutyl)-2,3,4,6,7,8- 

hexahydropyrido[2,l-f>][l,3]thiazin-4- 
one, reduction, 72 , 247 

2- (4-OxocycIohexylcarbonyl)-l,2,3,6,7,116- 

hexahydro-47/-pyrazino[2,l- 
a]isoquinolin-4-one, reduction, 71 , 204 

10- 0xo-6.10-dihydropyrido[2,l-c][l,4]- 

benzothiazine-8-carboxylic acid, 71 , 185 

7-Oxo-2,3-dihydro-7//-pyrido[l,2,3-rfe]-l,4- 
benzothiazoles, 71 , 233 
7-Oxo-2,3-dihydro-7//-pyrido[l,2 r 3-de]-l,4- 
benzoxazine -6-carboxyIates, 71 , 217, 
226 

7- Oxo-2,3-dihydro-77/-pyrido[l,2,3-de]-l,4- 

benzoxazine-6-carboxylic acids, partion 
coefficient, 71 , 149 
S oxidation, 71 , 182 
6-Oxo-3,4-dihydro-l//-pyrido[2,l- 

c][l,4]oxazin-9-carboxylate, 71 , 232 
1 -Oxo-3,4-dihydro-l fl-pyrido[2,l- 

c][l,4]oxazinium bromide, 71 , 219,222 

3- Oxo-3,4-dihydro-l//-pyrido[2,l- 

c][l,4joxazinium bromide, 71 , 221 

3- Oxo-2,3,7,8,9,10-hexahydro-l//- 

[1,3]oxazino[3,2-a]quinolinium chloride, 
72, 258 

reaction with ethanol, 72 , 235 
6-Oxo-8-hydroxy-3,4-dihydro-l//-pyrido[2,l- 
c][l,4]thiazine-9-carboxylate, 71 , 231 

4- Oxo-5-hydroxylimino-4,5,6,7- 

tetrahydrofurazan, reaction with 
enamines of cyclohexanone, 72, 293 

8- Oxonitriles, synthesis of pyridine 

derivatives, literature review, 73,341 

9- Oxo-7-nitro-4,9-dihydrotriazolo- 

[l,5a]pyrido[2,3-d]pyrimidine, 74 , 180 


6- Oxoperhydropyrido[2,l-c][l,4]oxazine-4- 

carboxylic acid, 71 , 185 
l-Oxoperhydropyrido[l,2-a]pyrazine-6- 
carboxylic acid, 71 , 204 
(4S-[4or(R*),6ar/3])-4-Oxoperhydropyrido- 
[2,l-fi][l,3]thiazine-6-carboxylic acid, 
inhibitor of angiotensin-converting 
enzyme, 72 , 275 

3- Oxo-2-phenylhydrazonobutyronitrile, 

reaction with reative methylene 
compounds, 75 , 178 
l-Oxo-4-phenyl-7a-hydroxyperhydro- 

[l,4]oxazino[3,4-n]isoquinoline, 71 , 164 

1- Oxo-3-phenyl-lf/-[l,4]oxazino[3,4- 

ajisoquinolinium bromide, 71,215 

10- Oxopyrido[2,l-c][l,4]benzothiazine-7- 

carboxylates, 71 , 227 

7- Oxopyrido[l,2,3-de]-l,4-benzoxazine -6- 

carboxylates, 71 , 218,230 
6-Oxopyrido[l ,2-a] [3, l]benzoxazine-l ,2- 
dicarboxylates, 72 , 259 

4- Oxo-4//-pyrido[ 1,2-a]pyrimidin-l - 

iumolates, 72 , 240 

11- Oxo-l l//-pyrido[2,l-6]quinazoline-6- 

carboxamides, anti-HIV activity, 73, 

256 

ll-Oxo-ll//-pyrido[2,l-6]quinazoline-8- 
carboxamides, antiallergic activity, 73, 
256 

ll-Oxo-ll-//-pyrido[2,l-f>]quinazoline-8- 
carboxylic acid, 73 , 212 
aldose reductase inhibitor, 73 , 186 
6-Oxopyrido[2,l-6][l,3]thiazine-4,9- 
dicarboxylate, 72 , 268,269 
oxidation, 72,244 

3- Oxopyrido[2,l-6][l,3]thiazin-5-ium iodide, 

72,245 

2- Oxopyrimidines, from enaminoaldehydes, 

72 , 329 

2-Oxo-2//-pyrimido[2,l-a]isoquinolines, 
distinguishing features from 4-oxo 
isomer, 73,186 

4- Oxo-4f/-pyrimido[2,l-a]isoquinolines, 

distinguishing features from 2-oxo 
isomer, 73,186 

4-Oxo-4H-pyrimido[2,l-a]isoquinoline-3- 
carboxylic acids, 73 , 217 
4-Oxo-4/y-pyrimido[2,l-a]isoquinolme-3- 
nitrile, hydrogenation, 73 , 201 
l-Oxo-17/-pyrimido[l,2-a]quinolines, IR 
spectra, 73 , 188 
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3-Oxo-3W-pyrimido[l,2-fl]quinolines. IR 
spectra, 73,188 

I -Oxo-1 //-pyrimido[l ,2-n]quinoline-2- 

carbonitriles, 73, 226 

2- (l-Oxo-lW-pyrimido[l,2-fl]quinolin-2- 

yl)acetate, 73, 227 

7-Oxo-5-substituted-l ,2,4-triazolo[ 1,5- 
fljpyrimidine, 73, 150 

5- Oxo-7-substituted-l,2,4-triazolo[4,3- 

fl]pyrimidine, 73, 149 

3- Oxo-l,2,3,4-tetrahydropyrido[l,2- 

fljpyrazinium chloride, 71,233 
7-Oxo-l,2,3,7-tetrahydropyrido[l,2,3- 
de]quinoxaline-6-carboxylic acid, 71, 
207,249 

saponification, 71, 203 
ll-Oxo-6,7,8,9-tetrahydro-ll,W-pyrido[2,l- 
6]quinazoline-3-carboxylate, 73, 236 

II -Oxo-5,7,8,9-tetrahydro-1 l/7-pyrido[2,l - 

6]quinazoline-6-carboxylic acid, 73, 202 
2-Oxo-l,2,3,4-tetrahydropyrimido[l,2- 
6]isoquinohmum chloride, catalytic 
hydrogenation, 73, 196,221 
1 -Oxo-4,4u, 5,6-tetrahydro-1 //-pyrimido[ 1,2- 
u]quinoline-2-carboxylates, mass 
spectra. 73, 190 

6- Oxo-l ,2,3,4-tetrahydro-6//-pyrimido[ 1,2- 

n]quinoline-5-nitrile, 73, 254 

7- Oxotriazolopyrimidines, 72, 138 

2- Oxotriazolo[l,5-c]pyrimidine, 72, 190 

3- Oxo-l ,2.4-tria7.olo{ 1,5-f]pyrimidines. 75, 

250 

2- (and 5-)Oxo-l,2,4-triazolo[4,3- 

c]pyrimidine, alkylation, 75,265 

3- Oxo-l, 2,4-triazolo[4,3-c]pyrimidines, 75, 

250,255 

5-Oxo-l,2,4-triazolo[4,3-a]pyrimidine, 73,148 
3-Oxo-l,2,4-triazolo[4,3-a]pyrimidine-6- 
carboxylates, as calcium channel 
blocking vasodilators, 72, 184 
1-Oxy-isobcnzofuran radicals, 73,4 


Palladium dibenzylideneacetone, 

benzonitrile complex, reaction with 
phosphacymantrenes, 72, 6 
Palladium dichloride, benzonitrile complex, 
reaction with phosphacymantrenes, 
72,6 

Palmitic aldehyde, 75, 49 


Pazufloxacin, 71, 146 
physicochemical properties, 71,149 
Pentacarbonyltungsten (O)-thioaldehyde-l,2- 
dithiol, 74, 217 
1,3,3,5,5-Pentachloro- 

l\ 4 ,2,4,6,3V\5A 5 ,thiatriazadiphosphorin, 
71, 120 

l-(Pentadeuteriophenyl)-3-aminon- 
carbonyl-4-deuteriopyridinium salt, 

74, 89 

3,4,7,8,9-Pentahydroxyperhydropyrido[2,1 - 
c][l,4]oxazines, reduction, 71, 167 
Pentazole, 1,3-dipolar cycloreversion, 72, 

405 

3-Penten-2-one, 72, 369 
3-(Per-0-acetylhexopyranosyl)-l,2,4- 
triazolo[4,3-n]pyrimidines, 72,165 
3-(Per-0-acetylpentopyranosyl)-l,2.4- 
triazoIo[4,3-a]pyrimidines, 72, 165 
Perfluorinated 1,3-ditclluretanes, reaction 
with 1,3-dimethylbutadiene, 71, 142 
5-0Perfiuoroalkylsubstituted terazoles, 
manganese complexes, 72, 30 
3,6-6/.s-(Perfluorooctyl)pyridazine, 
preparation. 75, 202 
Perfluorotcllurocarbonyls, 71, 118 
Perhydropyrazino[I,2-6]isoquinoline-l,3- 
dionc, 71, 249 

Perhydropyridazine-3,6-diones, 75,173 
Perhydropyrido[l,2,3-cfe]-l,4-benzoxazine, 
71, 167 

ik'Ja, 1 la, 116-//-Perhydropyrido[l,2,3-r/e]- 
l,4-benzoxazin-2-one, IR spectra, 71, 

151 

conformational analysis, 71,153 
d.s'-7a,10fl,10b-W-Perhydropyrido[l,2,3- 
de]\ 1,4]benzoxazin-2-one, 
conformational analysis, 71, 153 
Pcrhydropyrido[2,l-b][l,3Joxazines. 72,253, 
262 

theoretical calculations of different 
conformations, 72,229 
IR spectroscopy, 72, 230 
[ HNMR spectroscopy, 72, 230 
l:, CNMR spectroscopy, 72,232 
oxidation, 72, 235 

Perhydropyrido[2,l-c][],4]oxazines, 71, 215 
IR spectra, 71,151 

Perhydropyrido[2,l-e][l,4]oxazine-3,4-dione, 
71, 223 
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Perhydropyrido[2,l-c:][1.4]oxazin-3-ones, IR 
spectra, 71,151 

conformational analysis, 71, 152 
NMR spectra, 71,153 

Perhydropyrido[2,l-fi][ 1,3]oxazin-4-ones, 72, 
262 

Perhydropyrido[2,l -b)\ 1,3]oxazin-6-one, 72, 
253 

oxidation, 72, 235 

Perhydropyrido[2.1 -c] 11,4]oxazin-4-ones, 
NMR spectra, 71,153 
Perhydropyridoll ,2-a]pyrazine-l ,4-diones, 
71,234 

Perhydropyrido[l,2-«]pyrazine-3,4-dione, 71, 
247 

Perhydropyrido[l,2-a]pyrazin-l-one, 71, 239, 
245,251 

NMR spectra, 71,161 
methylation, 71191 
yV-oxidation. 71,192 
pK„. 71. 157 

Perhydropyrido[l,2-n]pyrazin-3-onc, 71, 250 
Perhydropyrido[l,2-u]pyrazine-4-ones. 71, 
234 

Perhydropyrido[l,2-fl]-pyrazin-6-ones, 
conformational analysis, 71, 160 
Perhydropyrido[2,l-6]quinazolin-ll-ones, 
U CNMR spectra, 73, 189 
c«-4a,5a-W-/ra/JS-ll//-Perhydropyrido[2,l- 
/>]quinazolin-l 1-ones. 73, 197 
Perhydropyrido[2,l-6][l ,3]thiazines, 
oxidation to sulfonc, 72, 244 
Perhydropyrido[2,l-c][l ,4]thiazine, 71, 226, 
231 

Perhydropyrido[2,l-6][l,3]thiazine-2,2- 
dioxide, 72, 245 

Perhydropyrido[2,l-c’][L,4]thiazine-4,4- 
diphosphoric acid, 71,185 
Perhydropyrido[2,l-c][l,4]thiazin-4-ones, 71, 
227,228 

NMR spectra. 71,156 

3-Phenacylcoumarins, 73, 284 
2-Phenaeyl-4-phenylbcnzodiazepine, 71,17 

9.10- Phenanthrenequinone, reaction with 
bis-Wittig reagent, 73, 8 

Phenanthro[9,10-c]furan, 73, 8,22 
Phenanthrofuranones, 73, 289 

1.10- Phenanthroline, Ni(II) complexes, 

72,10 

rhenium complexes, 72,21 


zinc complexes, 72, 41 
as ligand, literature review, 73, 343 
Phenol, chlorination with 1,3- 
dichlorotriazole, 75,33 
7-Phenoxyalkyl-l ,2,4-triaz,olo[l ,5- 

a]pyrimidines, anti-seizure activity, 72, 
171 

Phenylacetamidine, 74, 142 
1 -Phenyl-5-acetamido-1,2,3,4-tetrazolc, 74, 
158 

Phenylalanine, oxidation with 1,3- 
dichlorotriazole, 75, 57 
Phenylallene, 72, 395 

2-Phenyl-4-amino-5-acyl-l,3-oxazin-4-ones, 
72, 332 

4- Phenyl-3-aroylimino-5-methylimino-l,2,4- 

dithiazolidine, 74,161 
Phenylation, 74, 138 

2-Phenylazopyridine, reaction with osmium 
complexes, 72, 24 

2- Phenylbenzimidazole, from oxidation of 

2,4-diphenylbenzodiazepinc, 71, 27 

3- Phenyl-1,5-benzodiazepines, IR spectra, 

71, 22 

6-Phenylbenzodiazepine, 71, 10 
2-Phenyl-4-t- 

butoxycarbonylbenzodiazepinium salts, 
conversion to quinoxalones, 71, 26 
Phenylcarbamoyldiimide, reaction with 
enamines, 72, 330 
1-Phenyl-l-chloroethane, 75, 32 

5- Phenyl-6-cyano-7-aminotetrazolo[l,5- 

ajpyrimidine, 72,203 

1 -Phenyl-2,4-diaminobenzodiazepines, 71, 39 

6- Phenyl-3,4-dihydro-2//-pyrimido[2,l- 

a]isoquinolines, 73, 255 

I -Phenyl-3,4-dihydro-2W-[l ,3]thiazino[2,3- 

o]isoquinolinium salts, 72, 265 
1-Phenyl-2,3-dimethyl-4- 

formylpyrazolinone, 74, 5,183 
l-Phenyl-3,4-dimethylphosphole, coupling 
reactions with palladium complexes, 

72,16 

II -Phenyl-1,6-dioxo-1,2,3,4-tctrahy dro-6W- 

pyrazino[l ,2-t>]isoquinolines, 71, 244 
«-Phenylenediamine, reaction with 1,3- 
dicarbonyl compounds, 71, 3 
reaction with dibenzoylmethane, 71,4 
reaction with perfluoroalkenes, 71, 13 
reaction with vinamidinium salts, 71, 14 
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reaction with benzoylketene dithioacetals, 
71, 36 

reaction with arylalkynylimidate bases, 
71,39 

reaction with 

benzoxazoylcyanoacetaldehyde, 71,41 
reaction with A'-alkyl-A'- 

phenylethoxycarbonylacetamides, 

71, 41 

reaction with 3-hydroxyiminopentane-2,4- 
dione, 71,47 

reaction with diphenylmethyl- 
enemalonaldehyde, 71,48 
formation of nickel complexes with 
acetylacetone and nickel(II) ions, 
71,48 

N-Phenyl-2-(ethoxycarbonyl)pyridinium 
salts, 74, 89 

1- Phenyl-4-formyl-l,2,3-triazole, 74,192 

2- Phenylfuran, 72,395 
2-Phenyl-2,3,4,6,7,l \b- 

hexahydro[l ,3]oxazino[2,3- 
a]isoquinolines, oxidation, 72,235 
llf>-Phenyl-2,3,4,6,7,llf>-hexahydro[l,3]- 
oxazino[2,3-a]isoquinolin-6-one, 72,263 
11 b-Pheny 1-1,3,4,6,7,116-hexahydro-6-oxo- 
2//-pyrimido[2,l-a]isoquinoline, 73,254 
7-Phenyl-2,3,4,6,7,llh-hexahydro-l W- 

pyrazino[2,l-a]isoquinoline, acylation, 
71, 193 

7-Phenyl-2,3,4,4«,5.6-hexahydro-l//- 

pyrazino[l,2-a]quinolines, nitration, 71, 
198 

4-Phenyl-1,3,4,6,7,8-hexahydropyrido[2,l- 
c][l,4]oxazin-4-one,71,168 
(4S,9aS)-lrans-4,9o-//-4-Phenyl-l,3,4,6,9,9a- 
hexahydropyrido[2,1 -c] [l,4]oxazin-6- 
ones, 71,219 

11 b-Phenyl-1,3,4,6,7,1 lb-hexahydro-2//- 
pyrimido[2,l-a]isoquinoline, 73,200,254 
4-Phenyl-2,3,4,6,7,116- 

hexahydro[l,3]thiazino[2,3- 
a]isoquinoline, 72,245 
Phenylhydroxylamine, oxidation with 1- 
chlorobenzotriazole, 75,59 
erylfcro-2-[Phenyl(hydroxy)methyl]-l-(l- 
phe nyl-2-hydroxyethylpiperidine), 71, 
164 

2-(3-Phenyl-3-hydroxypropyl)-l,2,3,4- 
tetrahydroisoquinolin-l-one, 72,235 


2-Phenyl-6-hydroxy-3(2//)-pyridazinone, 
rearrangement, 75, 210 
N-Phenyl-3-hydroxypyridinium chloride, 

74, 92 

2-Phenylimidazo[l,2-a]pyridine, lack of 
Dimroth rearrangement, 75. 82 

5-Phenylimino-4-methyl-l,3,4-dithiazolidine 
1 dioxide, 74,161 

2- Phenylindole, oxidation with 1- 

chlorobenzotriazole, 75, 63 
1-Phenylisobenzofuran, lithiation, 73, 53 
Phenyl isothiocyanate, 72, 390 
5-Phenyl-3-isoxazolecarboxylate, metal 
chelates, 72,47 
5-Phenyl-3-methoxy-6- 

methylthiopyridazines, 75,182 

3- Phenyl-5-methyl-4-(acetyl-d 3 )isoxazole. 74, 

190 

l-Phenyl-2-methyl-4-acetylpyrazolinone, 74, 
5,183 

1- Phenyl-4-nitroimidazole, 74,127 

2- Phenyl-5-nitropyrimidine, 74,142 
5-PhenyI,l,3,4-oxathiazolin-2-one, 

fragmentation, 72, 384 
11 -Phenyl-6-oxo-3,4-dihydro-6/f- 

pyrazino[l,2-<)]isoquinolines, 71, 244 
1 -Phenyl-3-oxo-3,4-dihydro-1 W-pyrido[2,l - 
c][l,4]oxazinium bromide, 71,215 

4- Phenyl-l -oxoperhydropy rido[2,l - 

c][l,4]oxazine-9-carboxylates, solid state 
structures, 71,154 
Phenylpentazole, formation and 
decomposition, 72, 390 
cis-2,9a-//-2(S)-Phenylperhydropyrido[2,1- 
6][l,3]oxazine, 72,232 
(S)-2-Phenylperhydropyrido[2,l - 
6][1,3]oxazine, 72,254 
cis-2,9a-//-2-Phenylperhydropyrido[2,l- 
6][l,3]oxazine, 72, 254 

4-Phenylperhydropyrido[2,l-c][l,4]oxazines, 
reduction to pipecolic acid, 71,164 
c/s-4,9i7-//-4-Phenylperhydropyrido[2,l- 
c][l,4]oxazine-3,6-dione, 71,211 
reduction, 71,166 

9a-Phenylperhydropyrido[2,l-fi][l ,3]oxazin- 

6-ones, 72,262 

2-Phenylperhydropyrido[l,2-a]pyrazine, 71, 
159 

2-Phenylperhydropyrido[ 1,2-a] pyrazin-3- 
one, 71,160 
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2-Phenylperhydropyrido[1,2-a]pyrazin-4- 
one,71,160 

9a-Phenylperhydropyrido[2,1-fc] [1,3]thiazin- 
6-one, 72, 271 

Phenylphosphorodiamidate (PPDA), 74, 

56,75 

4-Phenyl-6-piperidinopyrimidine, 74, 12 

1- Phenylpyrazoles, cyclopalladated 

complexes, 72,13 

1 -Phenyl-3,5-pyrazoline-dione, reaction with 
enamines, 72,333 

2- Phenyl-3(2//)-pyridazinone, reaction with 

carbanions, 75,175,195 
4-Phenylpyrido[2,l-c][l,4]oxazin-l-one, in 
preparation of pipecolic acid 
derivatives, 71,146 
1 -Phenylpyrido[l ,2-n]pyrazin-5-ium 
bromide, 71, 233,249 
Phenylpyrido[l,2-fl]pyrazinium-l-thiolate, 
71, 193 

2-Phenylpyrido[l,2-n]pyridazinium-3- 
oxolates, 71, 246 

8-Phenyl-10//-pyrido[l,2-a]quinoxalines, 71, 
248 

2- Phenylpyrimidine, 74, 137,138 

4- Phenylpyrimidine, 74, 47, 49, 50, 67,145 

5- Phenylpyrimidine, 74, 51 
5-Phenylpyrimidinium iodides, 74, 131 
4-Phenyl-2//-pyrimido[2,l-n]isoquinolin-2- 

one, oxidation, 73, 196 

3- Phenyl-4//-pyrimido[2,l-a]quinolin-4-one, 

73, 243 

4- Phenyl-5,6-pyrimidyne, 74,12 

2- Phenylpyrrole, cyclopalladated complexes, 

72,13 

3- Phenylquinazolin-4-one, 74, 130 

5- Phenyl-substituted l,3,4-oxathiazol-2-one, 

photolysis, 72, 390 

4- Phenyl-2-substituted 1-oxo-l//- 

pyrimido[l,2-a]quinolin-4-ium-3-olates, 
73, 247 

4-Phenyl-6-substituted perhydro[2,l - 
c] [ 1,4]oxazin-l -ones, 71,215,224 
4-Phenyl-8-substituted perhydropyrido[2,l- 
c][l,4]oxazin-l-ones, reaction with vinyl 
chloroformate, 71,164 
8-Phenyl-2,3,4,6-tetrahydropyrido[2,l- 
6][1 ,3]oxazin-6-one, 72,257 
8-Phenyl-2,3,4,6-tetrahydropyrido[2,l- 
6][l,3]thiazin-6-one, 72, 266 


3- Phenyl-l,2,4,5-tetrazine, reaction with 

donor and acceptor-substituted 
ethylenes, 75,182 

1- Phenyltetrazole, copper complex, 72, 29 

4- (5-Phenyltetrazol-2-yl)pyrimidines, 

thermolysis, 75, 255 

5- Phenyl-l,2,3,4-thiatriazole, photolysis, 72, 

390 

fragmentation, 72,405 

4- Phenyl-2//-[l,3]thiazino[2,3- 

ajisoquinolinium perchlorate, reduction, 
72, 245 

Phenyl-1,3,5-triazine, 74,76 
Phenyl-1,2,4-triazinediones, 74,130 
Phenyl[l,2,4-triazino[4,3-n]quinazoline, 74, 
173 

N-Phenyl-l,2,3-triazolopyrimidines, 
preparation, 71, 67 

3-Phenyl-l,2,3-triazolo[4,5-<j(]pyrimidine, 

71, 71 

2- Phenyl-l,2,4-triazolo[4,3-e]pyrimidines, 75, 

255 

3- Phenyl-l,2,3-triazolo[4,5-(/]pyrimidin- 

7(6//)-one, bactericidal activity, 71, 107 

5- Phenyl-l,2,4-triazolo[l,5-c]thieno[3,2- 

ejpyrimidine, 75, 95 
5-Phenyl-l,2,4-triazolo[4,3- 

c]thienopyrimidines, acid stability, 75, 97 
5-Phenyl-l,2,3-triazolo[ 1,5-6] [1.2,4]triazine- 

3-carboxamide, diazotization, 75, 88 
5-Phenyl-2-(trimethylsilyl)-tetrazole, gas 
phase thermolysis, 72, 389 
2-Phenyl-l-unsubstituted quinazoline-3- 
oxide, rearrangement, 75, 119 
Phosphabenzenes, 72, 8 
Phosphabicyclo[1.1.0]butanes, synthesis, 
literature review, 73, 353 
Phosphacymantrenes, reaction with 
benzonitrile complex of palladium 
dichloride, 72, 6 

\ 5 -Phospholes, synthesis, 72, 305 
chemistry, literature review, 73, 351 
Phosphole, carbonylmetal species, 72, 6 
5-Phosphonyl-2(UV)-pyridones, synthesis, 72, 
323 

1-Phosphoryl-substituted isobenzofurans, 
73,18 

Photoelectron spectroscopy, 72, 362 
Photolytic fragmentation, of ketones, diazo 
compounds, 72, 363 
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Photoproducts, 74, 116,119 
Photostimulation, 74, 153 
o-Phthaldialdehyde, reaction with 
triethylphosphite, 73,18 
Phthalides, as precursors of isobenzofurans, 
73,14 

Phthalimide, N-chlorination with 1,3- 
dichlorotriazole. 75,43 
Phthalimidonitrenc, reaction with 
isobcnzofurans, 73,51 
oPhthalylalcohol, oxidation, 73,9 
iV-(2-Picolyl)-AW'-jV'-trimethylenediamine, 
palladium complexes, 72,48 
1 -Picryl-2-picry)imino-l ,2-dihydropyrazine, 
75,143 

Pictet-Spengler synthesis of indole alkaloids. 

literature review, 73,317 
(S)-(-)-Pipecolic acid, 71, 164 
n and L-Piperazic acid, as constituent of 
antibiotic L-156,602,75,170 
l,4-Piperazine-2.3-dione, in synthesis of a- 
diketones, literature review, 73,346 
Cis-3,6-Piperidazinedicarboxylic acid, 75, 

194 

4-Piperidino-6-chloropyrimidine, 74,24 
o-(Piperidinomethyleneamino)benzonitrile, 
74,54 

6-Pipcridino-1-oxo-l/f-pyrimido[l,2- 
a]quinoline-2-carboxylic acid. 73, 209 
4-Piperidinoquinazoline, 74,54 
o-(l-Piperidyl)benzyl alcohol, reaction with 
manganese dioxide, 72,255 
2-(2-Piperidylmethyl)perhydropyrido[1.2- 
a]pyrazine, 71,250 

2-Piperonylidencbenziniidazole, 71,33 
Pivalamidine. 74, 137,138,139,141 
Pluramycins, literature review, 73, 322 
Polyaromatic hydrocarbons, front 
isobenzofurans, 73,34 

Polyazaindolizines, Dimrotli rearrangement, 

’ 75, 82 

Polycyclic aminopyrrolcs, 72,96 
Polyheteroarylenes, synthesis, literature 
review, 73,309 

Poly(isothionapthene)isobenzofuran lattices, 
electronic density, 73,4 
1 -A',2-Polymethylene-bridged adenosine, 
rearrangement, 75, 135 

2,3-Polymethylenelhieno[2,3-d]pyrimidin-4- 
intine, rearrangement, 75,122 


Porphyrins, literature review, 73, 332 
Positron magnetic resonance spectroscopy, 
in triazolo[4,3-a]pyrimidines, 75, 95 
PPP calculations, on isobenzo[c]furans, 73, 3 
Praziquantel, anti-schistosome activity, 71, 
146 

[(Propanecarbaldimino)pyridine](methy)- 
palladium complexes, 72, 48 
2-Propenyl-l ,3-dithiolan 1,1-dioxide, 
fragmentation, 72,403 
2-Propoxyphenyl-8-azahypoxanthine. 
structure, 71, 65 

6-(/.TO-Propylamino)-4-phenylpyrimidine, 

74,29 

2-Propyl-l,2.3,6,7,llf>-hexahydro-4M- 
pyrazino[2.1-n]isoquinoline, 71,206 
/V-Protected 4-aminopyridazines, reactions, 
75,195 

1,3-Prototropic hydrogen shift, 74,157 
Pseudobactins, spectra, 73,187 
Pseudobase. 74,93,97.99 
Pseudomonic acids, literature review, 73, 319 
Pseudomonas pyrrocinia, 74, 218 
Pumiliotoxin, synthesis, literature review, 73, 
317 

Purine, 74,62 

Purine-6-thiol, complexes with gold, 72, 41 
Purinyl anion, 74,60,61 
Pyoverdins. hydrolysis products, 73, 189 
Pyrano[4,3-c]pyrans, 73,287 
Pyrano[3,4-c]pyridines. 72,307 
Pyrano[2,3-d]pyrimidines, synthesis, 72, 328 
Pyrazino[l,2-t>]isoquinolin-5-ium 2-oxide, 71, 
241 

Pyrazole, transition metal complexes, 72, 7 
complexes with osmium, 72,22 
reaction with dihydropyrazoline, 73, 5 
formation by electrocyclisation. 73, 108 
literature review, 73,336 
halogenation, 75, 4 
4-Pyrazoleacetic acids, 75, 172 
S'-Pyrazoline, fragmentation reactions, 72, 
365,371 

Pyrazoline, fragmentations, 72, 370 

1,3-dipolar cycloreversion, 72,405 
Pyrazoline-3,5-diones, thermolysis to 
ketenes, 72,399 

Pyrazolin-4-ones, ring contractions, 72, 370 
Pyrazolin-4-one hydrazone, ring contraction, 
72, 374 
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Pyrazolin-4-thiones. ring contractions, 72, 

370 

Pyrazol(>[4,3-r/][2,3]benzodiazepincs, 

formation by cyclisation, 73,106; 75,146 
Pyrazoloisoquinolines, synthesis, 72,300 
Pyrazolo[3,4-b]pyridincs, synthesis, 72,323 
Pyrazolo[3,4-rf]pyrimidinc, hydrolytic 
rearrangement, 75, 122 

l-(4-Pyrazoly])purines, 72,300 
Pyridazine, trimethylplatinum complexes, 
72,21 

fatty esters, 75, 172 
formation from 1,2,4,5-tetrazine and 
acetylene, 75, 182 
metalation, 75,194 
vicarious nucleophilic substitution 
reactions, 75, 195 
ethynylation, 75, 197 
perfiuoroalkylation, 75, 197 
reaction with benzonitrile oxide, 75,197 
amination. 75,201 

reaction with Grignard reagents, 75,208 
metabolism, 75, 208 
thermal decomposition, 75,209 
computational investigations, 75,212 
aromaticity. 75,213 

calculation of total energy values , 75,213 
hydrogen bond acceptor properties, 75, 

213 

complexing ability, 75,213 
13 C-NMR spectra, 75,215 
infrared and Raman spectra, 75,216 
X-ray crystallography, 75,217 
Pyridazine-4-carboxamide, alkylation, 75, 

198 

3-Pyridazinecarboxylic acid, in preparation 
of ketones, 75,206 

Pyridaz.ine-3,4-dicarboxylic acid, 75,180 
Pyridazine-3,6-dione, alkylation, 75,199 
Pyridazineestradiol, 75,172 
Pyridazine-V-oxide, preparation, 75,201 
l7 0-NMR spectra, 75,216 
3(2//)-Pyridazinethionc, aromaticity index, 
75,213 

reaction in inert gas matrices, 75, 214 
Pyridazinethiones, tautomerism, 75, 214 
Pyridazinium /V-dicyanomelhylides, reaction 
with nucleophiles, 75, 196 
Pyridazinium ylids, cycloadditions to 
acrylates, 75, 213 


Pyridazino[4,5-6]indoles, heat with 
enamines, 72, 345 

Pyridazinones, tautomerism, 75, 214 
3(2//)-Pyridazinone, 75,175,184,198 
alkylation and acylation, 75, 198 
formation, 73.286 

3(2//)-Pyridazinone 6-D-/3-ribofuranosyl, 75, 
184 

4(l//)-Pyridazinones, 75,172,184 
[7](3.6)Pyridazinophane, X-ray analysis, 75, 
218 

Pyridazinyl aryl (heteroaryl)ketones, 
preparation, 75,206 

3-Pyridazinylmethyloligonucleotides, 75, 207 
3-Pyridazinyl thioureas, conversion to 
carbodiimides, 75,207 
Pyridazinylphosphonic acids, structure, 75, 
218 

Pyridazomycin, fungicide antibiotic, 75, 168 
Pyridine, tr-complexes, 72, 9 
literature review, 73,297 
polymer, 74,90 

2-Pyridinecarboxamides, metal complexes, 
72,48 

Pyridine-2-carboxylic acid, formation of 
metal complexes, 72,47 
2,3-Pyridine-V-oxide, 74, 11 

2- Pyridineselenol, mercury complexes, 

72,43 

Pyridine-2-selenones, 72, 111 

2.6- Pyridine-2-thiolate, dilithium salts 

reaction with iridium salts, 72, 40 
Pyridine-2-thiones, in preparation of 
thieno[2,3-b]pyridines, 72, 105 
Pyridinium ylides, as dipoles in 

cycloaddition reactions, literature 
review, 73,341 

3.6- Ws(2-Pyridinyl)pyridazine, 75,190 
6-(4-Pyridinyl)pyridazinone, 75, 190 

3- (4-Pyridinyl)-5,6,7,8-letrahydro-1,2,4- 

triazolo[4,3-u]pyrimidine, crystal 
structure, 72,183,73,169 
5-(4-Pyridinyl-3A/-l,2,3-triazolo[4,5- 
i7]pyrimidin-7(6f/)-one, biological 
activity, 71,109 

Pyrido[l,2-a]azepinones, formation, 73, 116 
Pyrido[3,2-6]bcnzo[l,4]diazepinone, 72, 84 
Pyrido[4,3-6]benzofuran-At-oxides, 72, 320 
Pyrido[3,4-c]benzothiazines, synthesis, 72, 
319 
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7//-Pyrido[l,2,3-zte]-l,4-benzothiazine-6- 
carboxylic acids, topoisomerase 
inhibition, 71,146 

Pyrido[2,l-f>][l,3]benzothiazinium salts, 72, 

233 

Pyrido[2,l-c][l,4]benzothiazin-4-ones, 71,232 
Pyrido[2,l-c][l,4]benzothiazin-10-one, 71, 
232 

PyridoJ l,2,3-de]-l,4-benzoxazine-6- 
carboxylates, 71,226 
Pyrido[c]coumarins, chemistry, literature 
review, 73,343,344 
Pyrido[2,3-g]indoles, 72,323 
trans and cu-Pyrido[2,l-h][l,3]oxazines, 72, 
261 

4tf-Pyrido[l,2-a]pyrazines, 71,246 
Pyrido[l,2-a]pyrazine, conversion to 
imidazo[l,2-fl]pyridine, 72,323 
Pyrido[l,2-a]pyrazin-5-ium halogenide 2- 
oxides, 71,238 

Pyrido[2,3-d]pyridazines, reaction with 
enamines, 72,345 

Pyrido[l,2-n]pyrimidines, advances in 
chemistry, literature review, 73,343 
6W-Pyrido[l,2-a]quinazolin-6-one, 
theoretical calculations, 73,185 

1 ltf-Pyrido[2,l-b]quinazolin-ll-one, 73,222, 

234 

mass spectrum, 73,190 
Pyrido[3,2-g]quinolines, synthesis, 72,323 
tm/iydro-3//-Pyrido[l,2,3-de]quinoxalinium 
hydroxide, dipolar cycloadditions, 71, 
199 

Pyrido[l,2-a]quinoxalinium-6-olate, 71,193 
8//-Pyrido[l,2-a]quinoxalin-8-ones, 71,236 
Pyrido[2,l-h][l,3]thiazinium betaines, 72, 

264 

tmftydro-Pyrido[2,l-f>[l,3]thiazinium 

hydroxides, dipolar cycloaddition, 72, 
251 

2-(2-Pyridylaminomethylene)- 
cyclopentanone, 72,136 

2- (2'-Pyridyl)aminopyridines, phosphorus 

complexes, 72,37 

2(2-Pyridylimino)-21/-l,2,4-thiadiazolo[2,3- 
a]pyrimidine, 75,147 

3- (2-Pyridylimino)-3fM,2,4-thiadiazolo[4,3- 

a]pyrimidine, rearrangement, 75,147 
4 Pyridylmethyl-3-aminopyrroles, 72, 86 

2 Pyridylnitrene, 74,163 


3- Pyridyl-5-phenyl-l,2,4-triazole, rhodium 

complex, 72, 28 

5-(4'-Pyridyl)-l,2,3-triazolo[4,5-d]pyrimidin- 
7(6//)-one, 71,104 

2.3- Pyridyne, 74, 9,10,11 

3.4- Pyridyne, 74, 9,10 

2.4- Pyrimidinedithiones, formation, 72, 327 
Pyrimidine V-oxides, 74, 104. 107 
2-Pyrimidinones, synthesis, 72,325 

4- Pyrimidinones, synthesis, 72,325 

1- (Pyrimidin-4-yl)-4-methylsemicarbazides, 

cyclodehydration to 
triazolopyrimidines, 75,252 
Pyrimidinylpyridazines, 75, 190 
Pyrimido[2,l-a]isoquinolinium perchlorates, 
73,242 

4//-Pyrimido[2,l -a]isoquinolin-4-ones, 73, 
250 

Pyrimido[l,2-i>]pyridazine, ring opening with 
morpholine, 75,187 

6//-Pyrimido[l ,2-fe]-l ,2,4,5-tetrazin-6-ones, 
72,178 

(l/?,cts)-3-Pyrimidylaminomethyl-l,2,2,- 
trimethylcyclopentylmethanol, reaction 
with 4-chlorobenzenediazonium 
chloride, 71,106 

c/s-7,9fl-//-2-(2-Pyrimidinyl)-7-(2,5- 

dioxopyrrolidinomethyl)- 

perhydropyrido[l,2-a]pyrazine, 

71, 162 

Pyrimidobenzimidazoles, synthesis, 72, 303 
Pyrimido[3,4-c]benzothiazines, synthesis, 72, 
319 

Pyrimido[l ,2-b] 1,2,4,5-tetrazines, ring 
contraction, 73,158 

2- Pyrimidylarylamidines, from 

2-aminopyrimidines, 72,129 
5,6-Pyrimidyne, 74,12 
Pyrrolnitrin, 74,218,220 
2-Pyrones, from enamines, 72,333 
Pyrrole, pyrolysis, 72,368 
shock tube thermolysis, 72,394 
literature review, 73,296,331 
chlorination, 75,3 
Pyrrole rr-complex, 72, 5 
2-Pyrrole thiocyanate, 75,29 
Pyrrolidine, shock tube thermolysis, 72, 393 
2-Pyrrolidinethione, fragmentation, 72, 398 

<V-[2-(Pyrrolidmocarbonyl)pheny]-.'V-methyl- 

2-aninopyridine, preparation, 73,192 
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2- Pyrrolidinone, thermal decomposition, 72, 

398 

fragmentations, 72, 405 

1-Pyrroline, 1,3-dipolar cycloreversion, 72, 
405 

Pyrrolizidines, literature review, 73, 333 
Pyrrolizines, 72, 287 

Pyrrolo] 1.2-aJbcnzimida/oles, as antitumour 
agents, literature review, 73, 322 
Pyrrolo[2,l-c]-l,4-benzodiazepines, 

stereoselective syntheses, literature 
review, 73, 348 

Pyrrolo [2,3- bjbenzofurans, 72, 288 
Pyrrolo[2,l -c] [1,4]benzothiazin-l-ones, 71, 
232 

Pyrrolo[l,2-u]indoles, 72,291 
Pyrrolo[2,1 -a]isoquinoline-l -thioncs, 72,269 
Pyrrolones, by cycloadditions, 72, 285 
2//-Pyrrol-2-one, photolysis, 72,400 
Pyrrolo[3,2-6]pyrans, 72,335 
Pyrrolopyridines, 72, 89 
Pyrrolo[l,2-a]pyridines, 72, 94 
Pyrrolo[3,2-c]pyridine, 72, 94 
Py r ro I o 12,3 - d ] py ri m i d i n es, 72, 96 
Pyrrolo [3,2-d]pyrimidines, 72, 86 
Pyrrolo[3,2-d]pyrimidine C-nucleosides, 

72, 86 

Pyrrolo[l ,2-ajpyrroles, 72, 287 
Pyrrolo[4.3-6]thiophenes, 72,102 
7-Pyrrolyl(indolyl)triazolopyrimidinium 
salts, antiviral activity, 72,170 

3- (2-Pyrrolyl)pyridazine, alkylation, 75, 198 


Quinazolines, from benzimidosulfimides and 
enamines, 72, 329 
Quinazolylpyridazines, 75, 191 
Quinocarcine, synthesis, literature review, 73, 
318 

QuinoIine-2-thione, metal complexes, 72, 40 

2-(2-Quinolinyl)-4-phenylisoxazol-5(2//)- 
one, reaction with butyllithium, 73, 247 
Quinolizines, formation from a-substituted 
pyridine A-oxides, 73, 121 

l-(2-Quinolyl)-3-benzyl-4-hydroxyquinolin- 

2-(l//)-one, 73,220 
Quinolylpyridazines, 75,191 
o-Quinone monoimines, reaction with 
enamines, 72, 331 

Quinoxaline-2-carboxylic acid, 71,191 
Quinoxaline A, A'-dioxides, 72, 345 


Radical anion, 74,51 
Radical scavengers, 74,23,51,67 
Radioactive labeling, 74,27,28 32,65 
RBR graphs, 74,4,5,7 
Reactivity order, 74, 56,65,74,82 
Rearrangements, 74, 186 
Regioselectivity, 74, 96 
Regiospecific chlorinations, 74, 219 
Resistomycin, synthesis, 73, 45 
Retrocycloadditions, 72, 364 
Retro-Dimroth rearrangement, 75, 80 
Retro—Michael reaction, 74,184 
Reumycin, hydrogenation, 72, 200 
Reversed Dimroth reaction, 74, 171 
9-a-L-Rhamnopyranosyl-8-azaadenosines, 
71, 91 

3- /3-D-Ribofuranosyl-9//-9-oxo-7- 

methoxycarbonylpyrimido [2,1-/] purine, 
acetylation, 75, 103 

4- (/3-D-Ribofuranosyl)pyridazines, 75, 

183 

2- /3-D-Ribofuranosyl)-l,2,4-triazolo[l,5- 

n]pyrimidine, 72, 165 

3- (j8-D-Ribofuranosyl)-l,2,4-triazolo[l,5- 

ajpyrimidine, 72, 164 

2- (j8-D-Ribofuranosyl)triazolo[l,5- 

c]pyrimidine, 72,191 

3- (/3-D-RibofuranosyI)triazolo[4,3- 

c]pyrimidine, rearrangement, 72, 191 

2- /3-D-Ribofuranosyl-l ,2,4-triazolo[ 1,5- 

cjpyrimidine C-nucleoside, NMR 
spectra, 75, 273 

3- /3-oRibofuranosyl-l,2,4-triazolo[4,3- 

cjpyrimidine C-nucleoside, NMR 
spectra, 75,273 

Ring-Bond-Redistribution Graphs, 74, 4 
Ring chain tautomerism, literature review, 
73,298 

Ring contraction 

of chloropyrazine into imidazoles, 74, 66 
of 3-chloro-l,2,4-triazines into 1,2,4- 
triazoles, 74, 71,72 

of 4,6-diethoxypyrimidine into 3-methyl- 
1,2,4-triazole, 74, 46 
of 2-methylthiopteridines into 2- 
methylthiopurines, 74, 65 
Rizoxine, synthesis, literature review, 73, 

318 

Rotaxanes, template syntheses, literature 
review, 73, 350 
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Rulloxacin HC1, dissociation constant, 71, 
155 

Rulloxacin ethyl ester, 71,230 
Rutaecarpine, 73,219 


Saraine A, synthesis, literature review, 73, 
317 

Saroinc A. synthesis, literature review, 73, 
326 

Second-order perturbation equation, 74,96 

1.2.3- Selenadiazole, metal complexes, 72,31 

1.2.4- Selenadiphospholes, formation, 
literature review, 73,353,356 

Selenoaldehydes, reaction with 
isobenzofurans, 73,45 
Selenophene, metal complexes, 72,17 
literature review, 73,296 
Seleno[2,3-b]pyridines,72, 111 
Shock-wave techniques, in study of kinetics 
of fast reactions, 72,363 
Side-chain participation, 74,3,153 
1,5-Sigmatropic shift of hydrogen, 74,216 
Silacyclobutane, organic reactions, literature 
review, 73,355 

Silapiperazines, synthesis, literature review, 
73, 354 

Silylalkynes, in preparation of pyridazines, 
75,183 

Silyl isothiocyanate, reaction with amines, 
72,332 

l-Silyloxy-3-arylisobenzofurans, 73,15 
Smiles rearrangement in synthesis of 

heterocycles, literature review, 73, 305 
S n (AE) mechanism, 74, 11,12,14,17,18,20, 
24,30,31,33,40,53,63,64,72,77,80 
S n (ANRORC) mechanism in the 
animation of 4-substituted pyrimidines, 
containing at C-2 a sulfur containing 
substituent, 74,39.40 
aminodebromination in 3- 

bromoisoquinoline, 74,19,20 
aminodebromination of 5- 

bromopyrimidines, 74,41,42 
aminodechlorination of 6-chloro-5-cyano- 
4-phenyl pyrimidine, 74,26,27 
aminodechlorination of 2-chloro-4,6- 
diphenyl-l,3,5-triazine, 74,80 
aminodechlorination of chlorobenzo- 

1,2,4-triazines, 74,75 


aminodechlorination of 2-chloropyrazines, 
74, 65 

aminodechlorination of 4- 

chloroquinazolines, 74, 53.54 
aminodehalogenation of 2- 

halogenoquinazolines, 74, 55,56 
aminodehalogenation of 2-halogcno-4- 
substituted pyrimidines, 74, 34-38 
aminodehalogenation of 6-halogeno-4- 
substituted pyrimidines, 7.74,13,21, 
24,29 

aminodehalogenation of 4-halogeno-2- 
subslituted pyrimidines, 74,31,32 
aminodehalogenation of 2- 

halogenopteridines, 74,62,63 
aminodehalogenation of halogenopurines, 
74,58-61 

aminodehalogenation of 3-halogeno-l,2,4- 
triazines, 74, 71-73 
aminodehydrogenation of 

phenylpyrimidines, 74,46-51 
aminodehydrogenation of phenyl-1,3,5- 
triazines, 74,76,77,79 
aminodehydrogenation of quinazolines, 
74,58 

aminodemethoxylation of 4,6- 
dimethoxypyrimidines, 74,45 
aminodemelhylthiolation of 2- 
mcthylthiopteridines, 74, 64 
aminodemethylthiolation of 

3-methylthio-1,2,4-triazines, 74, 

69,70 

aminodenitration in 1,4-dinilroimidazole, 
74,123-127 

aminodenitration of 3-nitrouridines, 74, 
113,114 

aminodenitration of 1-nitroinosines, 74, 
114,116 

aminodeoxogenation of quinazolin-4-one, 
74,56,57 

conversion of the angular 

[1.2,4]triazino|4,3-a] quinazoline into 
the linear [l,2,4]triazino 
[3.2-h]quinazoline, 74, 173,174 
conversion of 1-phenyl-2,3-dimethy 1-4- 
formylpyrazolinone-5 into 1-phenyl- 
2-methyl-4-acetylpyrazolinone-5,74, 
183 

4-hydroxymethylene-5-oxazolone into 
oxazole-4-carboxylic acid, 74, 183 
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conversion of 6-amino-2-chloro-7- 

methylpurine into 7-methylguanine, 
74,58 

conversion of Af-alkyl-3-cyanopyridinium 
salt into 3-formyl-2- 
(methylamino)pyridine, 74,196 
conversion of 1,3- 

di(aminocarbonyl)pyridinium salt 
into, 74, 3 

conversion of 3-formamidinopyridinium 
salt into 2-amino-3- formylpyridine, 
74,198 

dealky)(benzyl)ation of N- 

alkyl(benzyl)pyrimidinium salts, 74, 
94-100 

dealkylalion of A'-alkylpyridinium salts 
74,91,92 

deamination of W-aminopyrimidinium 
salts, 74,103-106 

detosylation of 2,3,1-benzodiazaborine, 
74, 121,123 

hydrazinodeamination in aminol ,2,4,5- 
tetrazines, 74, 85,86 
hydrazinodehalogenation of 1- 

chloro(bromo)phthalazines, 74,68 
hydrazinodehalogenation of halogcno- 
1,2.4,5-letrazines, 74,85 
hydrazinodehydrogenation of 1,2,4,5- 
tetrazines, 74,81—84 
hydrazinedenitration in 1,4- 

dinitroimidazoles, 74, 129,130 
hydroxydechlorination of 2-chloro-5- 
nitropyridine, 74,15,16 
interconversion of l,2,4-triazoIium-3- 
aminides. 74,159 

Zincke exchange reactions, 74,87-90 


S N i mechanism. 74, 200 
S n H tele animation. 74,43 
Sk N 1 mechanism. 74,23 
Sodium hydrazide, 74, 81 
Solvation, 74, 50 

Sphingosine-related marine alkaloids, 
literature review, 73,318 
Spiropyrazones, 73,278 
Stannylalkynes, in preparation of 
pyridazines, 75, 183 
Steric interference, 74, 79 
Steric strain, 74, 112 


Strained conformation, 74, 84 
Strand scission, 74, 120 
Styrene, reaction with 1,3-dichlorotriazole, 
75,45 

(Z)-Styryloxiranes, ring expansion, 73, 

126 

4- Styrylpyridine, reaction with iron 

thiocyanate, 72,20 

5- Styryl-l,2.4-triazolo[4,3- 

cjthienopyrimidines, acid stability, 

75,97 

8-Substitutcd 9-amino-7-aryl-6-cyano-l 1/7- 
pyrido[2,l-bJquinazolin-l 1-ones, 73, 

234 

4-Substituted amino-6,6-dimethyl-5,6- 
dihydropyridine-2( 177)-thiones, 
rearrangement, 75, 115 

3- (Substituted amino)furazan 4- 

carboxamidoximcs, 74,206 
1 -Substituted-5-amino-3-mcthylthio-l ,2,4- 
triazoles, reaction with aldehydes and 
cyclisation, 73,157 

4- Subslituted 5-amino-l-phenyl-l,2,3- 

triazole, heating in acetic anhydride, 75, 
143 

2-Substituted amino-4,4,6-trimcthyI-4//-l,3- 
thiazines, 75, 114 

4-Substituted-5-bromotriazoles, 75, 12 

1- Substituted-6-chloro-7-(4-chlorophenyl)-3- 

methylthio-1,2,4-triazolo[4,3- 
n]pyrimidin-5-one, 73,157 

2- Substituted-7-(diarylmethyl)- 

perhydropyrido[ 1,2-a|pyrazine. 
conformational analysis, 71,160 
JV-Substituted-4-(2'-diethylaminoethylthio)- 
benzodiazcpines, hydrolysis, 71,38 

3- Substituted 3,4-dihydro-4-imino-l ,2,3- 

benzotriazines, rearrangement, 75, 149 

6- Substituted 4,5-dihydro-3(27/)- 

pyridazinones, reaction with aldehydes, 
75,196 

l-Substituted-2,3-dihydro-l,2,4-triazolo[4,3- 
cjpyrimidines, 75, 247 

3-Substituted-5-dimetbylamino-8-methyl-7- 
phenyl-l,2,4-triazolo[4,3-c]pyrimidine, 
i 3 C-NMR spectra, 75,274 
10-Substituted 9-fluoro-3(S)-methyl-7-oxo- 
2,3-dihydro-777-pyrido[ l,2,3-r/e]-l ,4- 
benzoxazine-6-carboxylic acids, reaction 
with metal cations, 71, 149 



380 


CUMULATIVE INDEX 


,'V-Substituted Hantzsch 1.4- 
dihydropyridines, 72, 308 
9-Substituted 2,3,4,6,7,8- 

hexahydropyrido[2,l-6][l,3]thiazine- 
2,4-diones, 72,267 

.V3-Substitutcd 2-hydrazinopyrimidin-4- 
ones, oxidative cyclisation, 73,136 
9-Substituted l-(o)-hydroxyalkyl)adenosines, 
rate of rearrangements, 75,126 
Substituted isobenzofurans, crystal structure 
determinations, 73,2 

8-Substituted 2-isopropyl-l l//-pyrido[2,l- 
6]quinazolin-ll-ones, 73,233 

2-Substituted 3(2//)-isothiazolones, 

preparation from furanones, 73,285 
2-Substituted 7-methoxy-l,2,3,4-tetrahydro- 
8/7-pyrido[l ,2-a]pyrazin-8-ones, 71,243 

2- Substituted 3-methyl-l,3,4,6,11,11a- 

hexahydro-2//-pyrazino[l,2- 
6]isoquinoline-l,4-diones, 71,240 
5-Substituted 2-methyl(phenyl)-6- 
methylthio-4-thioxopyrimidine, 
preparation, 75,140 

5- Substituted-9-methyl-l,2,4-triazolo[4,3- 

c]tetrazolo[l,5-a]pyrimidines, mass 
spectra, 75, 275 

3- Substituted 2-oxo-l,2-dihydropyrido[l,2- 

a]pyrazinium salts, 71,243 
3-Substituted 7-oxo-77/-pyrido[l,2,3-rfe]-l,4- 
benzoxazine -6-carboxylates, 71,218 
N-Substituted 11-oxo-l l-7f-pyrido[2,l- 
f>]quinazoline-6-carboxamides, 73,213 
antitumor activity, 73,256 

2- (and 3-)-Substituted ll-oxo-UH- 

pyrido[2,l-6]quinazoline-8-carboxylic 
acids, as aldose reductase inhibitors, 73, 
186 

3- Substituted perhydropyrido[2,l- 

a][l,4]oxazines, conformational analysis, 
71,152 

6- Substituted perhydropyrido[l,2-a]pyrazin- 

1-ones, 71, 239 

d.r-2-(4-Substituted phenyl)amino-5-methyl- 
6-phenyl-5,6-dihydro-l,3-thiazin-4-one, 
rearranged, 75,139 

2-(4-Substituted phenylimino)-6-phenyl-5,6- 
dihydro-1,3-thiazin-4(3//)-one, 
rearrangement, 75, 138 

l-(4-Substituted phenyl)-6-phenyl-5,6- 
dihydro-2-thiouracils. 75,138 


1- Substituted-4-phenylpyrido[2,1 - 

a][l,4]oxazines, 71, 164 

4- Substituted pyrazolo[3,4-d]pyrimidine, 75, 

123 

5- Substituted pyrazolo[3,4-d]pyrimidine, 75, 

123 

6- Substituted 3(2/7)-pyridazinoncs, 

synthesis, 75,173 

reaction with hydrazine hydrate. 75,196 
a-Substituted pyridine-V-oxides. 73,120 
3-Substituted 2-pyridones, synthesis, 72, 306 

6- Substituted 8ff-pyrido[l,2-a]quinoxalin-8- 

ones,71,196 

2- Substituted lH-py rimido[l ,2-a]quinolin-1 - 

ones, 73,225 

3- Substituted l//-pyrimido[l,2-a]quinolin-l- 

ones, 73, 241 

iV-Substituted 1,4,5,6-tetrahydropyridazines, 
75,184 

7- Substituted 3,4,6,7-tetrahydro-2 H- 

pyrido[2,l-a][l,3]oxazine, 72, 255 

2-Substituted l,2,3,4-tetrahydropyrido[l,2- 
ajpyrazinium bromides, 71, 246 
5-Substituted 1,2,3,4-thiatriazoles, 
thermolysis, 72,401 

1- Substituted 1,2,4-triazoles, synthesis, 

literature review, 73,339 
Substituted 1,2,3-triazolium-l-ylides, as 1,3- 
dipoles, literature review, 73, 339 

2- Substituted 1,2,4-triazolo[ 1,5- 

c]pyrimidines, 72,188 

3- Substituted-l,2,4-triazolo[4,3- 

ajpyrimidines, 72,171,73,142, 
from 2-hydrazinopyrimidines, 73,133 

3-Substituted l,2,4-triazolo[4,3- 
c]pyrimidines, 75,245 

8- Substituted 1,2,4-triazolo[4,3- 

a]pyrimidinium salts, 72,176 
2-Substituted l,2,4-triazo!o[l,5- 

c] quinazoline, 75,98 

2- Substituted-l,2,4-triazolo[l,5- 

d] [l,2,4]triazin-8-one, 75,100 

3- Subs tituted-1,2,4-triazolo[4,3- 

d][l,2,4]triazin-8-one, 75,100 
l-Substituted-4,4,6-trimethyl-l,4- 

dihydropynmidine-2(3//)-thiones. 
reaction with acids, 75, 114 
Succinimide, N-chlorination with 1,3- 
dichlorotriazole, 75, 43 
Sulfene, reaction with enamines, 72, 284 
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Sulfenyl chlorides, in synthesis of 

heterocycles, literature review, 73, 305 
Sulfolene, fragmentation, 72, 366,369 
literature review, 73, 336 
Sulfur, reaction with l-chlorobenzotriazole, 
75,67 

as Pivotal Atom, 74, 207 
Sulperazone, literature review, 73, 319 
Symmetrical intermediate, 74,203 


Taiwanin, 73,38 

Tandem mass spectrometry, 72,364 
Tautomeric equilibrium, 74,97 
Tautomerism of heterocycles, literature 
review, 73,298 

Taxol, synthesis, literature review, 73,326 
Tele amination, 74,59 
l-Telluracyclohex-3-enes, 71,135 
Tellurophenes, literature review, 73,296 
Terephthalamidine, 74,148 
2,2':6',2'-Terpyridine, 72,320 

3,3,6,6-Tetraalkyl-substituted 

perhydropyridazines, photooxidative 
decomposition, 75,211 

1.2.4.5- Tetraaminobenzene, reaction with 
acetylacetone, 71,10 

3,3',4,4'-Tetraaminobiphenyl, reaction with 
acetylacetone, 71,10 

3aX, 4 -l,3,4,6-Tetraazapentalenium salt, 74, 
210 

3a \ , 4 -l ,3,4,6-Tetraazathiapentalene, 74, 

208 

Tetrabromo-lK 2 bromo,2K 2 -bromo-di-/u,- 
bromo-/j.-[sulfurdiimidato(2-)- 
1 kA1,2k V']-ditellurium(IV), 71,132 
Tetrabromo-lK 2 bromo,2K 2 -bromo-di-/u,- 
chloro-ju- [sulfurdiimidato(2-)- 
1 kN,2kN‘ ]-ditellurium(I V), 71,131 

2.4.5.6- Tetrachloropyrimidine, via cleavage 
of triazolopyrimidines with phosphorus 
pentachloride, 73,164 

7,8,9,10-Tetrafluoro-l,2,4,6- 

tetrahydro[l,4]oxazino[4,3-n]quinoline- 

4,6-dione, hydrolysis, 71,165 
Tetrahydrobenzo[b]thiophenes, 72,104 
2,3,4,5-Tetrahydro-3-cyanobenzodiazepines, 
71, 29.45 

1,2.3.4-Te trahydro-2,2-dialkyl-4- 
nitromethylenepyridine, 74,134 


3,5,6,7-Tetrahydro-2//- dihydropyrido [1,2,3- 
dejbenzoxazinium halides, 71, 212 

(3S-frans-Tetrahydro-5-(dimethoxymethyl)- 
3-furanol-4-methylbenzenesulfonate, 
reaction with 8-azaadenine, 71,105 

3,7,8,9-Tetrahydro-7,7-dimethylpyrimido- 
[2,1-rfjpurine, rearrangement, 75, 135 

1.2.3.4- Tetrahydro-2,6-dioxopyrimido[l,2- 
cjpyrimidine, 74, 169 

Tetrahydrofuran, formation of 
formaldehyde, 72,371 
thermolysis, 72,390 

l-(2-Tetrahydrofuryl)-9- 

hydroxyperhydropyrido[l,2-a]pyrazine. 

71,236 

l-(2-Tetrahydrofuryl)-9-hydroxypyrido[l,2- 
a]pyrazine, reaction with HBr, 71, 209 

1.2.3.4- Tetrahydro-4-imino-l-methyl-2-oxo- 
3-phenylquinazoline, 74,180 

1.2.3.4- Tetrahydroisoquinolines, advances in 
synthesis, literature review, 73,342 

3-(l,2,3,4-Tetrahydro-l-isoquinolyl)- 
propionamide, 73,194 

l,3,4,llh-Tetrahydro[l,4]oxazino[3,4- 
ajisoquinoline, 71,167,175 

1.3.4.6- Tetrahydrof 1,4]oxazino [4,3- 
h]isoquinolin-l-ones, 71,222 

1.6.7.1 lh-Tetrahydro[l ,4]oxazino-[3,4- 
a]isoquinolin-3(4/f )-one, IR spectra, 71, 
151 

l,6,ll,lln-Tetrahydro[l,4]oxazino-[4,3- 

h]isoquinolin-3(4/f )-one, IR spectra, 71, 
151 

1.6.11.1 la-Tetrahydro[l ,4]oxazino[4,3- 
h]isoquinolin-4(3//)-one, 
conformational analysis, 71,153 

2.3.4.6- Tetrahydro[l,3]oxazino[3,2- 
h]isoquinolin-6-ones, 72,263 

4,6,7,lli-Tetrahydro[l,3]oxazino[2,3- 
fl]isoquinolin-4-thiones, 72,259 

2.3.6.7- Tetrahydro-4//-pyrazino[2J- 
njisoquinolines, NMR spectra, 71,161 

2.3.6.7- Tetrahydro-4/7- pyrazino[2,l- 
n]isoquinolin-4-ones, conformational 
analysis, 71,161 

NMR spectra, 71, 162 

1.2.3.4- Tetrahydropyrazino[l,2- 
njquinolinium bromide, 71, 235 

(3S)-2,3,4,5-Tetrahydropyridazine-3- 
carboxylic acid, 75,169 
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2.3.4.5- Tetrahydro-3-pyridazinones, 75,172 

3.5.6.7- Te l rahy dro-2//-py rido [ 1 ,2,3-rfe]-l ,4- 
benzoxazines, 71, 217 

2.3.6.7- Tetrahydro-5W-pyrido[ 1,2,3-rfe]-l ,4- 
benzoxazincs, 71,212,223 

2.3.5.6- Tetrahydro-7//-pyrido[l,2,3-rfe]-l,4- 
benzoxazines, coupling with diazoniura 
salts, 71, 71, 167 

3.5.6.7- Telrahydro-2//-pyrido[l,2,3-r/e]-l,4- 
benzoxazin-2,3-diones. 71,222 

3.5.6.7- Tetrahydro-27/-pyrido[1.2.3-df']-l,4- 
benz,oxazin-3,7-dioncs, 71,217 

reduction, 71, 168 

3.4.5.7- Tetrahydro-2W-pyrido[l ,2,3-rfe]-1,4- 
benzoxazin-3-ones, 71,167,212,217 

2.5.6.7- Tetrahydro-3/7-pyrido[l,2,3-r/<?]-l,4- 
benzoxazine-3-thione, 177 

2.3.6.7- Telrahydro-5//-pyrido[l,2,3-r/e]-l,4- 
benzothiazinc-3,7-dionc, bromination, 

71, 183 

formation from 3-(3-oxo-3,4-dihydro-2W- 
[l,4]benzothiazin-4-yl)propionic acid, 
71,230 

Tetrahydropy rido[2,1 -b] [ 1,3]oxazine, 
hydrolysis, 72,235 

Tetrahydropyrido[2,l-6][l,3]oxazin-6-ones, 

72, 259 

6.7.8.9- Tctrahydro-ll//-pyrido[2.1- 
6]quinazolinc, pKa values, 73, 180 

preparation, 73,198 

6.7.8.9- Tetrahydro-4A/-pyrido[2,l- 
/)]quinazoline, isolation from 
Mackinlaya su bit lata, 73,179 

2.3.5.6- Tetrahydro-1 /7-pyrido[ 1,2- 
n]quinazolinc-l,2-dicarboxylic acid, 73, 
254 

2.3.4.6- Tetrahydro-1 - W-pyrido[ 1,2- 
«]quinazolin-l-one, 73,229 

1.2.3.4- Tetrahydro-6W-pyrido[l ,2- 
njquinazolin-6-ones, reaction with 
aldehydes, 73,208 

1.2.3.4- Tetrahydro-6/7-pyrido[2,1 - 
u]quinazoline-6-one, 73,219 

1.2.3.4- Tetrahydro-11 //-pyrido[2,l - 
6]quinazolin-l 1-ones. solubility, 73,180 

protonation, 73,180 
chromatography, 73,180 
partition coefficient 73,181 

6.7.8.9- Tetrahydro-4/7-pyrido[2,l- 
6]quinazolin-l l-one, isolation from 
Mackinlaya subalata, 73, 179 


6,7,8,9-Tetrahydro-l l/7-pyrido[2,1 - 

6]quinazolin-ll-one, pKa values, 73, 

180 

13 C NMR spectra, 73, 189 

2,3,4,4n-Tetrahydro-1 //-pyrido[ 1,2- 

ri]quinazoline-Al-oxides, reaction with 
phenyl isocyanates, 73, 209 
oxidation. 73, 193 

1.2.3.4- Tetrahydro-6//-pyrido[2.1 - 
«]quinazolinc-/V-oxide. rearrangement, 
73, 219 

3.5.6.7- Tetrahydropyrido[l ,2,3- 
rfejquinoxalincs, 71,247 

1.2.3.5- Tetrahydropyrido[l ,2,3- 
rfe]quinoxaline-2,5-diones. 71, 243 

3.5.6.7- Telrahydropyrido[l ,2,3- 
rfe]quinoxalin-3-ones-l-oxide, 71, 248 

reaction with phosphorus trichloride, 71, 
192 

Tetrahydropyrido[2.1-6][l,3]thiazin-6-one, 
72, 269 

1,3,4,11 b-Tetrahydro-2//-pyrimido[2,1 - 

а] isoquinoline, 73,231,247 

3,4,6,ll-Tetrahydro-2//-pyrimido[l,2- 

б] isoquinoline picrate, 73,221 

1,2,3,4-Tetrahydro-6//-pyrimido[ 1,2- 

6]isoquinolin-6-one, benzoylation, 73, 
203,250 

reaction with maleic acid, 73,205 

6,7,8,9-Tetrahydro-l 1 /7-pyrimido[2,1 - 
6]quinazolin-l l-one, reaction with 
aldehydes, 73, 203 
reaction with acid chlorides, 73, 206 
reaction with carbon disulfide, 73, 207 

2.3.5.6- Tetrahydro-l 7/-pyrimido[ 1,2- 
ajquinoline, 73,223 

4.5.6.7- Tetrahydrotetrazolo[l,5- 
tfjpyrimidines, 72, 204 

8,9,10,1 l-Tetrahydro-3-(l 7/-5-tetrazolyl)-477- 
pyrimido[2,1 -nJisoquinolin-4-one. 
antiulcer activity, 73,259 

2.6,7,116-Telrahydro[l ,3]lhiazino[2,3- 
njisoquinolines, 72,268 

2.3.4.6- Tetrahydro[ 1,3]thiazino[3,2- 
6]isoquinolin-6-one, 72,266 

formylalion, 72,246,270 
oxidation on sulfur, 72, 244 
anti-inflammatory activity, 72, 275 

3.4.6.7- Tetrahydro[l,4]thiazino[3,4- 
u]isoquinolin-4-ones, 71, 253 
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Tetrahydro[l ,3]thiazino[2,3-a]isoquinolin-6- 
ones, 72, 269 

2.3.4.6- Tetrahydro[l,3]thiazino[3,2- 
6]isoquinolin-6-one sulfone, 
brominalion, 72, 246 

2.3.4.6- Tetrahydro[l,3]thiazino[3,2- 
/>]isoquinolin-6-one sulfoxide, 
Pummerer reaclion, 72,246 

5.6.7.8- Tetrahydro-l,2,4-triazolo[4,3- 
«]pyrimidin-3-one, reaction with methyl 
isothiocyanate, 73,166 

3.7.8.9- Tclrahydroxyperhydropyrido[2,l- 
fl][l ,4]oxazines, reduction, 71,164 

Tetraiodo-l,3-deteliuraetane, 71,134 

1,2,4,5-Tetraiodoimidazole, protonation. 

75, 22 

nitration, 75, 72 

1.1.3.3- Tetrakis[bis-(lrimethylsilyl)amido- 
2,4-bis-(trifluoromethylthio)- 
lX 4 ,3X 4 ,2X 3 ,4X 3 -ditellur adiazetidine, 71, 
136 

2.2.4.4- Tetrakis(trifluoromethyl)-l,3- 
ditclluraetane, 71,142 

2.3.4.5- Tetrakis(trifluoromethylthio)pyrrole, 
halogenation, 75,3 

1,1,4,4,-Tetramethoxy-l ,3-butadiene, 
reaction with tetrazines, 75,191 

Tetramcthyiallene, 72,378 

1.2.3.5- Tetramethylbenzodiazepinium 
perchlorate, 71, 12 

Tetramethylcyclopropanethione 5-oxide, 72, 
379 

2.4.7.9- Tetramethyldipyrimido[l,2-6',l,2'- 
c]hexahydroletrazine, 74,106 

Tetramethylpyrazolinone, 72,378 

3.3.5.5- Tetramethyl-1.2-pyrazolin-4-one, ring 
contraction, 72, 375 

1.2.4.6- Tetramethylpyrimidinium iodide, 

74, 96 

Tetramethyl 6a//-pyrido[l,2-a]quinoxaline- 

7,8,9,10-tctracarboxylate, 71,250 

3.3.6.6- Tetramethyl-3,4,5,6- 
tetrahydropyridazine-1 -oxide, 
deoxygenation, 75,209 

6.7.8.9- Tetramethyl-5a,6.9,l 1- 
tetrahydropyrido[2,1- 

b\[ 1,3]benzothiazin-11-one, 72,266 

Tetranazyne, literature review, 73,320 

1,3,1 ',3 -Tetraphenyl-5,5'-dipyrazolyl, 

71,26 


1.3,8,9-Tetraphenyl-6,7,8,9-tetrahydro-9u//- 
pyrido[ 1,2-a]pyrazine, 71, 248 
Telralhiafulvenes, in preparation of 

conducting polymers, literature review. 
73, 309 

building blocks in supramolecular 

chemistry, literature review, 73,339 
Tetrazines, literature review, 73, 297 
Tetrazole, 1,3-dipolar cyclorcversion, 72, 405 
chemistry, literature review, 73,340 
Tetrazolines, 1,3-dipolar cycloreversion, 72, 
405 

Tetrazolinethiones, 1,3-dipolar 
cyclorevcrsion, 72,405 
thermolysis, 72,387 
Tetrazolinones, thermolysis, 72,388 

1,3-dipolar cycloreversion, 72,405 
Tetrazolo[l,5-6]pyridazines, ring opening, 75, 
207 

Tetrazolofl ,5-a]triazolo[ 1,5-c]py rimidines, 
72,193 

3-(l//-5-Tetrazolyl)-6,7-dihydro-4//- 

pyrimido[2,l-a]isoquinolin-4-ones, 73, 
218 

A-(l//-5-Tetrazolyl)-10-(2,3- 

dimethylpentanoylamino)-7-methyl-4- 
oxo-4//-pyrimido[2,l-a]isoquinoline-3- 
carboxamide, 73,217 
A-(5-Tetrazolyl)-1 -oxo-1 W-pyrimido[ 1.2- 

а] quinoline-2-carboxamides, 73, 215 

2- ( 1 //-Telrazol-5-yl)-l 1 W-pyrido[2,l - 

б] quinazolin-ll-one, as aldose 
reductase inhibitors, 73,186 

3- ( 1 //-Tetrazoyl)-4-//-pyrimido[2,1 - 

a]isoquinolin-4-one, 73,228 
Thermal induction, 74,153 
Thermal interconversion, 74,190 
Thermodynamic stability, 74,201 
7-Thia-14,15-diaza-dispiro[5,l,5,2]pcntadcc- 
14-ene, thermolysis, 72,373 

1.2.3- Thiadiazole, pyrolysis, 72, 390 

1,3-dipolar cycloreversion, 72, 405 
metal complexes, 72, 31 

1.2.4- Thiadiazole[4,5-a]pyrimidinc, 74,211, 
212 

1.3.4- Thiadiazolines, fragmentations, 72, 371 

1,3-dipolar cycloreversion, 72,405 
rearrangement, 75,147 

Thiapentalene structure, 74, 210 

4- Thiapyranone, 72, 335 
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Thiapyrans, thermolysis, 73,105 

4- Thiapyranthione, from j8- 

aminocrotononitrile and hydrogen 
sulfide, 72,335 

1,3,2,4-Thiaselenadiazete, 71,139 

1.2- Thiaselenete, 72,369 

1.3- Thiaselenol-2-one, fragmentation, 72,369 

1.3- Thiaselenole-2-selone-4,5-diselenolate, 

75,108 

1.3- Thiazepines, 72,293 

1.4- Thiazepines, 72, 87 

1.4- Thiazepine-3-one, 72, 340 
1,3,-Thiazines, 72,326,327 

from enaminoketones and carbon 
disulfide, 72,331 

internal sulfur-amino rearrangement, 74, 
144 

2H-[\ ,3]-Thiazino[2,3-a]isoquinolinium salts, 
72,265 

[1,4]-Thiazino[3,4-a]isoquinolin-4-ones, 71, 
227 

1.3- Thiazolidine-4-ones, 72,98 

1.3- Thiazolidine-4-one 1,1 -dioxides, 

extrusion of sulfur dioxide, 72, 370 
Thiazolidine-l-oxide, formation from 
aminoalkyl disulfides, 75,67 
Thiazolidine-2-thione, metal complexes, 
72,40 

1.3- Thiazolines, 72,98 
Thienobenzodithiines, 72,107 
Thieno[2,3-rf]-l ,3-dithioles, 72,101 
Thieno[2,3-c]furans, preparation, 73,27 
Thieno[2,3-£>]furans, 72,83 
Thieno[3,2-6]furans, 72,83 
Thienoindolizines, 72,101 
Thieno[2,3-rf]pyridazines, 72,110 
Thieno[2,3-6]pyridines, 72,105 
Thieno[2,3-d]pyrimidines, 72,110 
Thieno[2,3-£>]pyrroIes, 72,94 
Thienoquinolines, 72,107 
Thienoquinoxalines, 72,110 
Thieno[3,2-rf]-l,2-thiazoles, 72,101 
Thieno[2,3-fi]thiophenes, 72,98,100 

1.3- (2-Thienyl)isobenzofuran, synthesis, 

73, 13 

reaction with Lawesson's reagent, 73, 60 
2-(2-Thienyl)pyrrole, 72,286 

5- Thienyl-2- substituted 1,4- 

dihydropyridazines, 75,188 
Thietanes, 72,284 
Thiiranes, literature review, 73,329 


2-Thio-l,5-benzodiazepines, as 
antibacterials, 71, 3 

2(4)-Thiobenzodiazepines, pharmacological 
activity, 71, 36 
preparation, 71, 36 

y-Thiobutyrolactone, fragmentation, 72, 392, 
405 

Thiocarbonyl compounds, from 1,2,4- 
trithiolanes, 72,406 

Thiocarbonyl ylides, from 1,3,4-thiazolines, 
72,406 

Thioformaldehyde, 72, 403 
Thioformaldehyde oxide, 72,403 
o-Thiohydroxybenzonitrile, reaction with 
bromonitromethane, 72,105 
2-Thio-4-iminotetrahydroquinazoline, 74, 180 
Thioisomunchnones, cycloaddition reactions, 
literature review, 73, 336 
Thioketenes, from 1,2,3-thiadiazoles, 72, 406 
Thiolane-l-dioxide, photolysis, 72, 366 
Thiolane-1-oxide, photolysis, 72, 365 

2- Thiolo(alkylthio)-4,5,6-pyrimidine 

triamines, reaction with nitrous acid, 

71,67 

6-Thiolo-8-azapurines, biological properties, 
71,98 

3- Thiolo-l,2,4-triazolo[4,3-a]pyrimidin-7- 

ones, 72,177 

Thiophene, organotransition metal 
complexes, 17 
T)5-complexes, 72,19 
literature review, 73,296,335 
Thiophenol, oxidation with 1,3- 
dichlorotriazole, 75,65 
2-Thiopseudouridine, 74,144 
Thiopyrano[3,4-c]pyridines, 72, 307 
Thiopyrylium salts, literature review, 73,344 

1- Thiosubstituted isobenzofurans, 

preparation, 73, 18 

2- Thiouracil, 74,143 

2(3-Thioureido)benzonitrile, rearrangement, 
75,119 

5-Thioureido-4-(2-cyano-2- 

ethoxycarbonylvinyl)-l,2,3-triazole, 
71,84 

Thiourea, 74,143 

2-Thiovioluric acid, reaction with hydrazine 
hydrate, 71, 67 

2-Thicxo-3-phenyIquinazolin-4( 1 H, 3H)~ 
one,74,110 
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3-Thioxotetrahydrotriazolopyrimidines, 72, 
174 

2- Thioxo-1,2,4-triazolo[l ,5-c]pyriraidines, 75, 

251 

3- Thioxo-1,2,4-triazolo[4,3-c]pyrimidines. 75, 

251 

Thorpe carbon—carbon cyclization, 74,216 
Thorpe-Ziegler cyclization, 72,79 
Thymidine, 74,118 
Toluene, chlorination with 1- 
chlorobenzotriazole, 75,32 
p-ToluenesuIfinic acid, oxidation with 1- 
chlorobenzotriazole, 75,67 
(p-Toluenesulfonylamino)benzotri azole, 74, 
193 

formation by rearrangement, 75,145 

5- (p-Toluenesulfonylamino)-l,2,3,4- 

tetrazole, 74,158 

p-ToluenesuIfonylhydrazine, reaction with 
bromoesters, 75,174 

Topological resonance (TRE) calculations, 
on isobenzo[c]furans, 73, 3 
Transition metal cr-complexes, 72, 7 
chelates, literature review, 73,358 
3-[2'.3',5'-Tri-0-acetyl-(/3-D-ribofuranosyI)]- 
7/7-7-oxo-9-methoxycarbonyIpyrimido- 
[2,1/Jpurine, 75,103 

l-(2',3',5'-Tri-0-acetyl-/3-D-ribofuranosyl)- 

1.2.4- triazolo[4,3-a]pyrimidin-5-one, 
reaction with phosphorus pentasulfide, 
72, 182,73,165 

6- (2,3,5,-Tri-0-acetyl-/3-D-ribofuranosyl)- 

1.2.4- triazolo[4,3-c]pyrimidin-5-one C- 
nucleoside, l3 C-NMR spectra, 75,275 

l-(2,3,5-Tri-0-acetyl-j8-D-ribofuranosyl)- 

1.2.4- triazolo[4,3-fl]pyrimidin-7-one, 
preparation, 73,166 

8-(2.3,5-Tri-0-acetyl-/3-D-ribofuranosyl)- 

1.2.4- triazolo[4,3-fl]pyrimidin-7-one, 
preparation, 73,166 

l-(2',3',5'-Tri-0-acetyl-/3-D-ribofuranosyl)- 

1.2.4- triazolo[4,3-fl]pyrimidin-5-thione, 
72,182,73,165 

3,3.5-Triaryl-2(3/7)-furanones, 
photoarrangement, 73, 289 
Triazines, literature review, 73,297 

1.2.3- Triazines in medicinal chemistry, 
literature review, 73,323 

1.2.4- Triazines. reaction with enamines, 72, 
343 


1.3.5- Triazine, 74,148 

1.2.4- Triazolium-3-aminides, 74,158 

1.2.4- Triazolo[l,5-c]pyrimidines, 75, 249 
Dimroth rearrangement, 75, 261 
l3 C-NMR spectra, 75,274 
electron density, 75,276 

1.2.4- Triazolo[4,3-a]pyrimidine, Dimroth 
rearrangement, 75,261 

i 3 C-NMR spectra, 75,274 

1.2.4- Triazolo[4,3-c]pyrimidines, 75, 247 
rearrangement, 75, 249 

Dimroth rearrangement, 75, 261 
ultraviolet spectra, 75,271 
'//-NMR spectra, 75, 272 
13 C-NMR spectra, 75,274 
electron density, 75,276 

1.2.4- Triazolo[4,3-c]pyrimidines, hydrolysis, 
75,263 

l,2-6«-(Triazolopyrimidin-5-yl)hydrazine, 
75,269 

1.2.3- Triazolo[4',5' :4,5]pyrimido[2,1 - 
a]isoquinolin-8-ones, 73, 217 

Trialkyl-substituted 3,5-dihydro-4//-1,2,3- 
triazol-4-ones, thermolysis, 72, 376 

1.4.6- Triaminopyrimidine-2(l//)-thiones, in 
preparation of triazolo[l,5- 
fl]pyrimidine-5(6//)-ones, 72,184 

1.3.5- Triarylformazans, oxidation with 1- 
chlorobenzotriazole, 75, 63 

3,5,8-Triaryl-l,2,4-triazolo[4,3- 

ajpyrimidinium perchlorate, 73, 143 

1.2.4- Triazole, metal complexes, 72, 28 
reaction with iodine chloride, 75,13 

1.2.3- Triazolidines, 1,3-dipolar 
cycloreversion, 72, 405 

1.2.3- Triazolines, molecular rearrangements, 
literature review, 73,339 

1.2.4- Triazoline-3,5-diones, decomposition, 
72,399 

S 2 -l ,2,3-Triazolines, 72,302 

1.2.4- Triazolin-3-ones, decomposition, 72, 
399 

1.2.4- Triazolo[3,4-6][l,3]benzothiazin-5-one, 
75,99 

1.2.3- Triazolo[5,4-6]diazepines, from 
triazolyl-enamines, 72,340 

1.2.4- TriazoIo[l,5-a:4,3-a]dipyrimidinium 
salts, 72, 182 

1.2.4- Triazolo[3,4-6]purin-7(8//)-ones, 72, 
182 
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1.2.4- Triazolo[4,3-«]pyrazine. rearrangement. 
75, 98 

1.2.4- Triazolo[ 1,5-«]pyrazine, 75,98 
3//-1.2,3-Triazolo[4,5-6]pyridines, 71, 84.88 

1.2.3- Triazolopyridinethione. rearrangement. 
75, 86 

1.2.3- Triazolo[l,5-c]pyridinium perbromide. 
preparation, 71, 103 

1.2.3- Triazolo[1,5-a]pyrimidine, 71,62 
synthesis. 71, 60 

oxidation. 71,62 

3/7,5//-l,2,4-Triazolo[l,5-a]pyrimidines, 72, 
128 

from 1,2.4-lriazolo[4.3-a]pyrimidines. 72, 
128 

proton chemical shifts. 72, 163 

1.2.4- Triazolo[ 1,5-c]pyrimidines, from 1,2,4- 
triazolo[4,3-c]pyrimidines, 72,128 

rearrangement from 1,2,4-lriazolo[4,3- 
cjpyrimidines, 72, 192 
by Dimroth rearrangement, 73,159 

1.2.4- Triazolo[4.3-fl]pyrimidines, conversion 
to 1,2,4-triazolo[ 1,5-a]pyrimidincs, 72, 
128 

methods of synthesis. 73, 132 
from 2-hydrazinopyrimidines, 73,133 
proton and l3 C nmr spectra, 73,169 
rearrangement to [l,5-a]isomers, 75, 90,94 

1.2.4- Triazolo[4,3-c]pyrimidines, conversion 
to l,2,4-triazolo[1.5-a]pyrimidines,72, 
128 

rearrangement to 1.2.4-triazolo[l,5- 
c]pyrimidines, 72, 192 
l//-l,2,3-Triazolo[4,5-rf]pyrimidines, 71,63 
pyrolysis, 71, 87 

1.2.3- Triazolo[4,5-rf]pyrimidine, 75,136 
3/7-1,2,3-Triazolo[5,4-d]pyrimidine, 

cycloaddition reaction with enamines, 
71, 88 

Bi.t-l,2,4-TriazoIo[l,5-n:4',3'-cJpyrimidine, 
75, 91 

Bis-1,2,4-Triazolo[4,3-t): 1 ',5'-c]pyrimidine, 

75, 91 

Bis- 1.2,4-Triazolo[4,3-fl:4',3'-c]pyrimidinc, 
rearrangement. 75, 91 
Triazolopyrimidine-2-sulfonamides, 72,133 

1.2.4- TriazoIo[l,5-«]pyrimidinesulfonamides, 
as herbicides, 72,167 

1.2.4- Triazolo[l ,5-a]pyrimidine-2-sulfonyl 
chlorides, 72,159 


1.2.4- Triazolo[l,5-n]pyrimidine-2-thiol. 75, 93 

1.2.4- Triazolo[4,3-«]pyrimidine-3-thiol, 
rearrangement, 75, 93 

1.2.4- Triazolo[4,3-n]pyrimidinium-3-aminide. 
72,179 

1 H- 1,2,4-Triazolo[4,3-a]pyrimidini um 
betaine, 72,178 

1.2.3- Triazolo[l ,5-a]pyridinium salts, 
preparation, 71,103 

1.2.4- Triazolo[ 1,5-a]pyrimidinium-2-olates. 
72,131 

l//-l,2,4-Triazolo[4,3-a]pyrimidinium-3- 
olates, 72,179 

1.2.4- Triazolo[4.3-u]pyrimidin-3-one, 72, 175 
formation, 73,144 

IR spectra. 73,168 
lautomerism studied by ultraviolet 
spectroscopy, 73, 168 

Triazolopyrimidin-5-ones, 72, 137 
IR spectra, 73, 168 
tautomerism studied by ultraviolet 
spectroscopy. 73,168 

Triazolopyrimidin-7-ones, 72, 137,73, 153 
base catalysed ring cleavage, 73,161 
IR spectra, 73,168 
tautomerism studied by ultraviolet 
spectroscopy, 73,168 

1.2.4- Triazo!o[4,3-a]pyrimidin-7(8//)-ones, 
72,177 

1.2.4- Triazolo[l,5-a]pyrimidin-5(6//)-ones, 
72,184 

1.2.4- Triazolo[l,5-c]pyrimidin-5(6//)-one 
nucleosides, 72, 196 

1.2.4- Triazolo[l,5-tf]pyrimidin-5(6//)-thiones, 
72, 184 

(Triazolopyrimidinylmethyl)biphenyls. as 
angiotensin II receptor antagonists, 72, 
169 

1.2.4- Triazolo[l,5-c]quinazoline, 75, 97 

1.2.4- Triazolo[4,3-c]quinazoline, 75,97 

1.2.4- Triazolo[4,3-a]quinoxaline, failure to 
rearrange, 75,99 

1.2.4- Triazolo[l,5-c]thicno[3,2-e]pyrimidine, 
75, 95 

1.2.4- Triazolo[4.3-c]thieno[3,2-t>]pyrimidine. 
75, 95 

Triazolo[3,4-c][l ,2,4]triazine, rearrangement 
to (5,1-e] isomers, 75, 100 

1.2.4- Triazolo[4,3-a][l ,3,5] triazine, 75, 102 

[(Triazolylamino)methylene]dioxanediones, 

cyclisation, 72,138 
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1.2.4- Triazolylpyridazines, 75,189 

2.3.4- Tri-O-benzoyl-L- 
rhamnopyranosylbromide, in 
preparation of 8-azaadenosines, 71,91 

3- (2,3.5-Tri-0-benzoyl)-/3-D-ribofuranosyI)- 

5,7-dimethyl-l,2,4-lriazolo[4,3- 

a] pyrimidine, 73, 144 

3,7,8-Tribromo-2,4-bis(tribromomethyl)-3//- 
benzodiazepine, 71, 31 

1.3.5- Tribromotriazole, action as 
brominating agent, 75, 31 

;V,4.5-Tribromotriazole, formation, 75,9 
Tri-n-butylamine, oxidation with 1,3- 
dichlorotriazole, 75,57 
l-(Tri-/)-butylstannyl)benzimidazole, 
reaction with iodine chloride, 75, 8 
1 -(Tributylstannyl)benzotriazole, reaction 
with iodine chloride, 75, 10 

4- TributyItinpyridazines, 75,183 
Tricarbonylchromium complexes of 

acetonitrile, 72,5 

T) 6 -Tricarbonylchromium complex of indole, 

72.7 

Tricarbonylchromium complexes of 
pyridine, 72, 5 

Tricarbonylmolybdenum, mesitylene 
complexes, 72, 8 

Tricarbonyltungsten, mesitylene complexes, 

72.8 

3-Trichloroacetylamino-5-methyl-l,2,4- 
oxadiazole, 74,201 
l-(2.2,2-Trichloroacetyl)imino-3- 
trichloromethyl-1 H,4aH- 
[1.3]oxazino[3,2-a]quinoline, 72,259 
hydrolysis, 72,235 

3.4.5- Trichloropyridazine, reactivity, 75,203 
Triethyl 2-methyl-6-ethylimino-l-oxo- 

2.3,4,6-letrahydro-l//-pyrido[l,2- 
n]pyrazine-7,8,9-tricarboxylate, 71,250 
9-[2,2,2-Trifluoro-l-hydroxy-1- 

(trifiuoromethyl)-ethyI]-2,3-dihydro- 
5/7-pyrido[ 1,2,3-de]-l ,4-bcnzoxazin-5- 
one, acylation 71,180 
Trifluormenadion, preparation, 73,35 

5- (Trifluoromethyl)dibenzothiophenium 

salts, as trifluoromethylaling agents, 
literature review, 73,336 
5tf-Trifluoromethyl-5a,5,6,7,8,9-hexahydro- 
1177-5,6-(methano)-pyrido[2,1 - 

b] quinazolin-l 1-ones, 73,245 


9-Trifluoromethyl-2,3,4,4fl,5,6- 

hexahydropyrazino-[l,2-a]quinoline, 
conformational analysis. 71, 161 

6- Trifluoromethyl-l ,2,3,4,4a,6- 

hexahydropyrido[l,2- 

a] [3,l]benzoxazine, 72, 255 

7- Trifluoromethyl-8-pentafluoroethyl-6/7- 

pyrido[l,2-a]pyrazin-l-one, 71, 249 
2-(3-Trifluoromethylphenyl)-4- 

methylperhydropyrido[ 1,2-a]pyrazin-3- 
ones, 71,247 

5-Trifluoromethyl-4( 1 A/)-pyridazinones, 75, 
175 

8- Trifluoromethyl-ll/7-pyrido[2,l- 

b] quinazolin-l 1-ones, as fungicides, 73, 
256 

Trifluoromethylsufenylchloride, reaction 
with disodium telluride, 71,116 
2-Trifluoromethyl-l ,2,4-triazolo[5,1- 
b][l,3]benzothiazin-9-one, 75,99 

8.9.10- Trifluoro-7-oxo-77/-pyridofl,2,3-de]- 

l,4-benzoxazine-6-carboxylic acid, 
reaction with amines 71,170 

Trigonelline, 74, 91 

(1 S)-5,8,9-Trihydroxy-2,3-dihydro-l H- 
pyrimido[l,2-a]quinoline-l-carboxylic 
acid, CD spectra, 73,187 
mass spectra, 73, 190 
X-ray crystallography, 73, 191 
acylation, 73, 214 

(3S)-5,8,9-Trihydroxy-2,3-dihydro-177- 
pyrimido[l,2-a]quinoline-3-carboxylic 
acid, from isopyoverdin, 73, 254 

1.3.4- Triiodopyrazole, formation. 75, 6 

2.9.10- Trimethoxy-6,7-dihydro-4/7- 
pyrimido[2,l -a]isoquinolin-4-one, 73, 
210 

7.8.10- Trimethoxy-2,9-dimethyl- 

1,3,4,6,11 ,lla-hexahydro-2//- 
pyrazino[l,2-b]isoquinolin-l-one, 71, 
237 

2.3.4- Trimethyl-1,5-benzodiazepine, 71, 5,30 
4-Trimethylgermanylpyridazines, 75,183 

2.4.4- Trimethyl-3,4,6,7,8,9-hexahydro-2//- 
pyrido[2,l-b][l,3]oxazinium salts, 72, 
260 

3,5,7-Trimethylimidazo[ 1,2-a]pyrimidines, 
rearrangement, 75, 83 
1,3,3,-Trimethyl-2-methyl-2- 

methylenindolinone, oxidation, 72, 295 
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1.5.7- Trimethyl-3-methylthio-l,2,4- 

triazolo[4,3-a]pyrimidinium iodide, 

reaction with DBU, 73,162 

1.5.5- Trimethyl-4-phenyl-4,5-dihydro-l//- 
tetrazole, pyrolysis, 72,373 

3.4.5- Trimethyl-l-phenylpyrazole, 71,30 
Trimethylphosphite, reaction with 

phthalides, 73,18 
T|6-2,4,6-Trimethylpyridine 

tricarbonylchromium species, 72,5 

1.3.7- Trimethylpyrido[2,3-d]pyrimidine- 
2,4(1//,3//) dione, 74,184 

2.4.6- Trimethylpyrimidine, 74,104 

1.4.6- Trimethylpyrimidinium iodide, 74,96 
9-(6-Trimethylsilanylhex-4-enyl)-2,3,4,6,7,8- 

hexahydropyrido[2,l-f>][l,3]thiazin-4- 
one, reaction with trifluoroacetic acid, 
72, 248 

2-Trimethylsilylmethylpyridine, metal 
complexes, 72,24 

Trimethylsilyloxybutadienes, reaction with 
diethyl azodicarboxylate, 75,179 

1.4.7- Trimethylsilyloxyisobenzofuran, 73,40 
4-Trimethylsilylpyridazines, 75,183 
l-Trimethylsilyl-3- 

trimethylsilyloxyisobenzofuran, 
preparation, 73,15 
7,9,9-Trimethyl-5n,6,9,ll- 
tetrahydropyrido[2,l- 
5] [1,3]benzothiazin-l 1 -one, 72,266 

1.5.7- Trimethyl-l,2,4-triazolo[4,3- 
cJpyrimidinium-3-phenylaminide, ab 
initio calculations, 75,277 

1.3.6- Trimethyluracil,74,142 

2.4.6- Trinitrochlorobenzene, 74,31 
Triphenyl(allyl)lead, oxidation with 

1-chlorobenzotriazole, 75,70 

2.4.6- Triphenylpyridine reacts with 
tricarbonylchromium complexes, 72,7 

1.3.3- Triphenyl-l ,3,4,llb-tetrahydro-2//- 
py rimi do[2,1-a] isoquinoline-2,4-dione, 
73,195 

1.3.5- Triphenyl-4-lhiocyanato-l,6- 
dihydropyridazine, 75,174 

1.2.4- Triphospholes, formation, literature 
review. 73,353 

3.5.6- Tri(2-pyridyl)-1,2,4-triazine, reaction 
with rhenium complexes, 72,22 

Trisalkylthiocyclopropenium salt, reaction 
with o-phenylenediamine, 71, 37 


2.5.7- Trisubstituted 4,7(6,7)dihydro-l,2,4- 
triazolo[l,5-a]pyrimidines, 
aromatisation, 72, 147 

2,2,5-Trisubstituted 2,3- 

dihydrotriazolopyrimidine-8- 
carboxylates, 72,184 

3.5.7- Trisubstituted-l,2,4-triazoIo[4,3- 
a]pyrimidines, 73,146 

Trithiadisilabicyclo[l.l.l]pentanes, literature 
review, 73,354 

Trithiaselenabicyclo[l. 1.1 (pentanes, 
literature review, 73,356 
3X 4 5\ 4 ,7\ 4 -Trithia-lX 4 -selena-2.4,6,8-tetraza- 
9-azoniabicyclo[3.3.1]-l(9),2,3,5(9),6,7- 
hexane hexafluoroarsenate, preparation 
and X-ray structure, 71,123 
Trithiazyltrichlorideoxide, 71,120 
Trithiazyltrichloridetrioxide, 71, 120 
l,2,4-Trithiolane-4-oxide, thermolysis, 72, 403 
1-Tritylbenzotriazole, 75,65 


2-Unsubstituted l,2,4-triazolo(l,5- 
c]pyrimidines. formation, 75, 250 
Uracil, 74,143 
Urea, 74,143 
5-Ureido-4-(2-cyano-2- 

ethoxycarbonylvinyl)-l,2,3-triazole, 
71,84 

4-Ureido-5-cyano-l-methylimidazole, 74, 58 


Variapeptin, 75, 170 
Verruculotoxin, 71,146,196,234 
Verucopeptin, 75,170 
Vilsmeyer-Haak conditions, 74, 150 
Vilsmeier-Haack reaction with 
pyridazinones, 75,196 
Vilsmeyer-Haak reagent, 74,151 
Vinblastine, synthesis, literature review, 73, 
317 

Vincristine, synthesis, literature review, 73, 
317 

Vinylcyclopropanes, oxygenation, literature 
review, 73, 339 

Vinyldiazomethanes, conversion to 
pyridazines, 75,193 
Vinylfuranes, 73, 121 
XUa-m- Vinyl-1,3,4,6.11,11a- 
hexahydro[l ,4]oxazino[4,3- 
b]isoquinolines, 71, 221 
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Vinyl isocyanates, reaction with enamines, 
72, 306 

Vinyl substituted heterocycles, 

cycloaddition reactions, literature 
review, 73, 302 

Vitamin B12, literature review, 73,320 


[1,2]-Wittig rearrangement, literature review, 
73,312 


Xanthine-8-carboxylic acid, 74, 65 
(±)-Xestoquinone, synthesis, 73,47 
Xestospongine alkaloids, 72, 225 
NMR spectroscopy, 72,232 
(+ )-Xestospongine A, synthesis, 72,271,72, 
273 


Xestospongine C, solid-state structures, 72, 
233 

X-ray crystallography, 271 
synthesis, 72,273 

Xestospongine D, solid-state structures, 72, 
233 

X-ray crystallography, 72, 271 


Ylid, 74,106,107 
YM-24074, antibiotic, 75,168 
Ytterbium-ruthenium dihydrides, 72, 17 


Zincke exchange reations. 74, 87,89 
Zirconium-ruthenium dihydrides, 72, 17 
1,5-Zwitterions, formation in fragmentation 
reactions, 72,364 










